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SiMTIIKKN    VANCorVKK    ISLAND 


<  II  \lll,l>   11.(1.  VI'l- 


INTRODUCTORY 

c.K.NKK.M,  M'ATKMKN  !■  .Wit  .\('KN'()\Vl.i:i)(,M  KM  ^. 

Tlio  .ciiilliiTii  iNirf  "('  N'jip' riivcr  isliiihl.  wiiii'h  i-.  .!('-iTil>t'il  In 
i|ii»  ri|M.|-|  I.  I(.?-  ilii-  l.iruir  piirl  ii  iMiiiliiiiuMis  :iiul  Iiim\iI  \v...i!.-i. 
Ill  the  I  xtriMiic  ;-i.iitiit.i9tt'rii  poitiiiji  iiiiil  iiliiiit.'  tiip  ph-i  (•nii->t  llir 
«iiii<ral  ol('\  ;itiiiii  i»  very  iiiu'li  inui'i'.  iiml  a  \i\rw  I'iirt  <•(  tlu'  limlnr 
lia-  liriii  cut  mill  till'  clciirpil  land  ciiltivMtrii.  Oiit-iilc  (if  llii-<  iiorlini;. 
.iihl  iH.Viiiul  tile  gi  iKTill  riillle-  111'  travi'l,  liltlr  ilnltwil  i-  l;iiiuvil  ot' 
ilic  ln|nij;iM)ili,\  iiiiil  iiiiiuT.il  «>-iini('«-,  11?  till-  yniit  i-I.iinl.  IJi"»iil<'- 
ilii-  ■  oiil  ili'iiii~ii^  ill  till-  ( 'ri'tiii'i'iiii-i  iiiLM.Miri-  I'l  ilu'  im-i  I'li^uit.  tlit' 
mill' nil  ili'pii-it-  in'i-iiriiiiu  ill  lilt'  riv -liilliiH-  ri>i-k~  an'  nt  iiiiisiilcriil)li' 
'  ■  iiijiicrciiii  intpro-t.     .Miliniiy^li  the  nanire  aiul  kciuthI  extent  of  the 

•'■:ll    lll-'ll^uriS    llllVC     |i     If    liicll    l;l|.lVMI.    littlr     in    kllinVM.    MMll     li'--    Im- 

'iiii   |iiiMi-lu'.|  1  iiiH'ci  iiiii':   il l!<,r  rr\ -liilliiif   i"rk-. 

A  uf.iloLii.iii  OMiiiii'.     inn  \v!i-  liouiiii  li.v  tlic  uriti'i'  in   ll'iW.  ami 

"a-i    i'"llliiv,0ll     ill     I'.'ll!!    illlll     I'.'lll         Kl'l'dlllUli-- illl'-c-    lia\r    linll    llllllll' 

"ViT  till'  entiri'  -niillii  in  purl  nt  X'ancniiviT  i.-laml.  i'lnl  ililaijril  work 
h.i'-  lipcii  'l"iii>  in  tlic  -iiiithca-tirii  pnriii'ii.  Tiu'  "lij'  '•!  nf  rlii-  ri'P"ri. 
^'.liirii  i-  l.a-i'ii  rliieti.v  "ii  the  n  riiniiai-saiict'-  of  l!i"^  ami  ll"i'.).  i-i  In 
Mia!%.'  aiailal'l.'  the  n  atprial  already  I'nlli'ctcil.  Tlii-  V'pnrr  {■*  pi'fliiii- 
iii.ll>    ill    iiauirp. 

I  he  writer  i-  iinli'litod  to  many  of  the  rc.-ident-  i.f  Vancouver 
i-hiii'l  for  infnriiiati'in  .nid  a--ii-tani'P:  ami  in  partii'ular  to  the  owner' 
"t  till-  iiiiine''ou.-  ti'ineral  elalni'.  and  t"  the  eonipaiiie-  explnitini.'  the 
■avp.iu-   iiiinernl   de|"-it-.      K-|  leial    aekie  ii  1.  ilmiit  ni    i-   dii.-   to    Mr. 
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\V.  ,1.  Siilt-n.  (nv  iiiaii.v  vciirs  t;tM,ln;.i-t  t..i'  ihr  W.iliii.^tnii  ('..l- 
l,.vi..,  Coiiii.uiiy  1111.1  now  with  lli<ii-  .ucvssors  tiir  ( 'ana.liaii 
(  ..lliiTi.'s  (nnnsii.ulr)  (.niipaiiy,  wli.i  li;i-  uivm  lli-  writ'T  ii:ih-Ii 
iiifoniiiitiMii  aii.l  n..si-tiuii-c.  Much  liclp  lius  Ixjoii  fjiv-'ii  l.y  il.'' 
Miciiil.crs  ,.f  Uic  go 'loji-iral  .Ici.artiiu'iit  nf  tli.'  Ma-a.'!nis,'tt-^  Insti- 
tiito  of  TiH-lin.lMt.o-.  Proiessor  li.  A.  Daly  lia^  Ik^ii  v.i-y  kiinl  m 
,IU,.iissin.s  th.'  fr.iirral  sr<'oloi;y  of  tlu-  ivgioii,  aii<!  its  relation  to  Hi.- 
-,.oloir>-  of  w.-.toni  X.i-tli  Au'crica;  and  tli.^  fo:«sils  ,•  ■llc-t..!  'M 
Cowichan  lake  w.i.'  .l.'tcriiiine.l  under  the  diVc-tion  an.l  with  ll.-- 
a-^si^tan.v-  of  l'rofa-.<or  IF.  W.  Shiin«r.  The  a<'<'ount  of  lae  top.- 
uraphy  %vas  wrilten  under  iho  super^'ision  of  Professor  W.  M. 
Pavis.  of  Harvard  T'nivorsity. 

Tile  report  is  based  on  the  reeonuaissi.nees  made  in  100S  and 
190!>,  corrected  by  tho  detailed  work  and  short  reeounaissani-es  of 
1910.  During  this  time  the  southern  part  of  Vancouver  ishmd,  with 
the  exception  of  tlio  east  coast  north  of  La.lysnntli,  was  explored.  Ml 
rlie  roa<ls  and  principal  rivers,  al-o  timber  .ruis.r-s  and  iios,K-t..,  - 
trails,  wer.>  traversed,  and  short  trips  of  a  day  or  two  were  made 
from  the  main  traverses.  The  coast  line,  and  the  shores  of  the  prin- 
cipal lakes,  notably  Sooke,  Shawni-an.  ("owicban.  and  Nitinat  lakes, 
were  also  examined. 

The  time  soeiit  in  tlie  Held  in  I'.HiN  «a-  from  -luly  1  to  N  i.- 
tembor  1.5;  and  in  1909,  from  .Tunc  22  to  September  17.  In  1910  a 
d,.tailed  oxami  iti.m  of  the  Victoria  and  Saauicli  map  areas  was 
carried  on  from  June  to  September,  while  the  rest  of  the  summer  was 
spent  applying  tho  results  of  the  detailed  w,.rk  to  the  former  recon- 
naissances. 

In  1908  the  writer  was  assistc.l  by  Mr.  K.  (!.  (Miipman.  In  1909 
tlie  writer  was  a.ssociated  with  Mr.  J.  A.  Mhrn.  who,  assisted  by  Mr. 
F.  J.  Barlow,  spent  two  ir.ontlis  on  Siiltspring  island  and  on  the  east 
coast  of  Vancouver  inland,  doiiit:  n.<,re  detnikd  work.  During  the 
last  month  :Mr.  Allan  made  a  reeonnaissanec  acro>s  the  island  from 
Mount  Brcnton  to  Alberni.  A  traverse  was  also  made  by  him  up 
Franklin  river  to  the  headwaters,  across  the  divide,  and  down  China 
,-reck  to  the  Alberni  road:  while  Mr.  i'.arlow  made  a  traverse  along 
the  eastern  end  of  the  Beaufort  range  from  Creat  Central  lake  to 
Home  lake.  During  1910  the  writer  was  assisted  in  the  detailed 
work  by  :\Iessrs.  J.  D.  MucKcnzic  and  Moxamler  (i.  Ilaidtain.  Mr. 
MacKen/ie  al-o  ii'ade  a  short  reconiini-rmee  iy  the  Malahat  district. 


Mil  riii.m  \  A\(  III  \  i.K  i>i.\M> 


AliKA    AMI    MK\NS   nf    AI_\KSS. 


'I'lif  urtu  ilescribeil  in  llii-  rcpdi't  iiieludps  that  imrl  .>t  Viiii- 
coiiver  i^laiiil  wliiuli  is  !:o\ith  of  the  Alberni-Nunrtimi)  rond.  and  ea^it 
'if  tiie  Alberni  civ.iiil  and  Barkley  sound;  and  also  includes  Salt- 
-piiufr  i!<land.  iiiid  -rveral  smaller  islands  utl'  tin-  ca-t  idust  ..| 
Vancouver  island,  in  ITaro  strait*.  Tliis  area  is  apprcixiinately  4,000 
-iputre  miles. 

Mi'cli  of  the  southeastern  and  eastern  part  .if  the  rcfjion  is 
:i.ccs,sihlc  hy  road.  In  the  vicinity  of  Victoria,  nii  the  Saaiiii'h 
peninsula,  niid  ahiuu-  the  ea-t  coast  north  of  I'owichan  hay.  the 
r.miitry  i-  wt-ll  settled,  and  there  arc  many  troo:t  road-.  Main  i-oad- 
extend  from  N'ietoria  west  to  East  Sooke  and  Jordan  river,  and 
iinrtlnvest  hy  way  of  Sooke  and  Shawnigan  lakes  to  Duncan.  There 
is  a  stapp  road  from  Duncan  lo  Cowichan  lake,  and  another  from 
N'anainio  to  AH  orni.  There  are  two  railroads  in  the  area,  the 
Victoria  and  Sydney.  an<l  the  Esciuinialt  and  Nanaiino.  The  fonner 
is  located  on  the  Saanich  iieninsnla,  while  the  latter  follows  the  east 
coast  a-  far  iinrth  as  "Xanoose.  .\t  tlu^  present  time  an  extension  is 
lieinii'  liiiilt  nerd— .  the  island  t<i  .Mherni.  Otlicr  exten-ions  and  neu 
railroads  and  tramways  are  lu'n.iccteil.  lo  open  up  the  hiterinr  of  the 
island. 

.Vt  present  the  inlets  nod  hd-;e-,  a  few  of  the  rivers,  and  the 
(owichan  lake  and  Alherni  roads  furnish  ready  access  to  the  interior 
iif  the  island,  and  nn  ver,\  hiuii  packiiifz'  trips  iieeil  he  made.  Such 
trifis  at  the  present  time  must  l>c  mado  without  the  aid  of  pack 
animaN.  as  the  trails  are  not  luuMcrous.  and  with  two  or  three 
exceptiiins  are  suilahle  onl.v  for  ii.en.  Even  these  trials,  when  well 
located  and  cleaned  of  hrnsh.  are  of  the  prrcatost  assistance,  for  on 
them  seven  or  eipht  miles  ma.v  lie  readily  travelled  in  a  day  b.v  one 
carryinfT  a  heavy  pack:  while  witlmut  a  trail  three  niilos  is  often 
the  limit  which  it  is  po— ilde  to  travel  in  a  tlay.  with  tlie  hardest 
sort  of  muscular  work.  The  establishment  of  more  trails  is,  there- 
fore, of  the  fjreatest  importance,  and  wotdd  fill  a  most  urgent  need. 

\  larfre  part  of  the  shurc  may  be  safely  traversed  in  a  small 
!)oat.  Coasting  steamers  run  between  Victoria  and  ports  on  both  the 
east  and  west  coasts. 

Prcvioii.s  "•or^.— Little  work  of  a  general  and  correlative  nature 
has  been  done   in   the  southeastern  part  of  Vancouvr-r  island.     The 
f>8Tl— IJ 
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first  g.^ologiciil  «>>i-k  of  ;iiiv  yivMt  v;ilup  \v,i^  tliat  .if  Dr.  A.  C.  Solw.vn 
and  Mp.  .Ti\iiu>^  Ui.'lianNoii.  wlm  cxpliind  tin-  ca-terii  cua-^l  of  tlic 
i^lmiil  in  ISTI.  'I'lii'  iv-ults  <•<  tlicir  u.tU  was  piiMi^hed  in  tlip 
Iti'p.irl  of  rriii;rc~s  i.f  llic  (ioolt.iiit-al  Sui-vcy  nf  Canada  fer  1S71-Tl'. 
Tlicy  nave  liriff  nnt'  <  nf  valiii'.  lnit  made  no  f;eiieralization-.  Afr. 
Uichard^on  c'.ntiniii'd  work  on  tlir  r.uil  area>  of  tlic  i-laud  for  four 
.vi>ar.-.  A  linal  -iiinniary  of  lii-  work  i-  uivni  in  the  Report  of 
I'roirrojS.  187C  77,  V-i-^^i^^  lOO-l!*:.',  and  is  affonipaniod  by  a  map. 

In  April,  1>7'>,  Dr.  (1.  M.  Daw-on  nuidc  a  reconnaissance  of 
Ivoci'h  rivur  and  \icinity,  (laying-  csporiiii  altcnlion  to  tiio  origin  and 
extent  of  tlio  placer  dopo-its.  Tiie  ru-nlt  of  his  work  in  tliu  southern 
part  of  the  inland  i:-  piven  in  the  Koport  of  I'ronre-s.  ls7ti-77,  pasres 
•,>.">-10l>.  and  in  -eviral  pap.i-  puMishod  on  tlio  physical,  ;^la<-ial  and 
;:ciH-ral  ^eokipy  of  Hritish  Colnnihia. 

In  l^s,-,,  Dr.  Dawson  madv  an  (.•xauiination  of  the  northern  part 
of  Vanconver  island,  and  in  the  l^^ti  report  of  the  Geolopical  Survey, 
l-.rA-.-  1  1!  1"T  11.  nc.do  tic  nn-l  vaiuaMr  .•:  ho  puhlish.'-l  .•,  ntVil.n- 
tioiis  lo  the  f^eoloKy  of  tlio  i-land. 

Ill  tile  RUinnicr  of  VM\-2  's-r-.  Wr'hstor  and  llayeoek  nunle  a 
.■arsoiy  examination  of  tlir  ,.o-t  coa-l  of  the  i~land.  Their  report 
is  published  in  the  Summary  Koport  of  the  (ieological  Survey  for 
I'.XIl'.   pages  .'')4-!>i'. 

In  IW,"!,  Dr.  H.  S.  Poole  >  i-iied  Vam  'uv(  r  island  to  coUeet  data 
ou  the  eoal  deposits  of  the  ea>tern  roasl.  A  summary  of  hi>  work, 
chietly  of  eomniercial  interest,  i-  ^livcn  in  the  Summary  Tteport  (d" 
the  (ieoloffieal  Survey  for  lODri,  pan(>.  ,"),')-;")!•. 

The  pala'ontoiofiy  of  the  Cretaceous  rocks  ha^  been  very  fully 
described  by  Dr.  .f.  V.  Whiteavos  in  volume  I,  -Mesozoie  Fossils, 
),ubli.shed  by  the  (ieoloi;ical  Survey,  Fart  II  in  ]N7'.t,  and  Tart  V  in 
lltO".  and  in  other  papers.  .Meek,  White,  and  Woodward  have  also 
oublished  papers  eiinc-erninn'  llu-  pala'ontoh«y  of  tlie  Cretaceou.- 
rocks.  I'rofess,)r  .1.  C.  Alerriam  has  .ioM-ribed  fossils  collected  from 
tiie  Tertiary  fornmtioiis  of  the  west  coast  ot  "ancouver  island,  and 
has  published  his  conclusions  in  the  Bulletin  of  the  Tniversily  of 
California,  Department  of  (IcoloR-y.  Vol.  l>.  IMW,  pp.  1<)l-H)s.  and  in 
I  wo  other  papers. 

Detailed  note-  of  valu-^  on  certain  mineral  claims,  miniufr 
districts,  and  n:iiieral  industries  have  been  nnide  by  the  i)rovincial 
ntinerale-Kist.    Mr     W.    i-'.    KoliTl^on,   and    b>    tiie  pro,  ineial    a-sny,T. 


■■■ 


.\ii-.  liii-'.ii't  (  iUiiii.MiM'l.  Ill  llir  '.III' 11^  -I'  till'  Miiii-l.r  -t  Mi'i.  -  .a 
l!riti-li  Ci.luniliia.  Mr.  K.  Liinlciiuin  exaiiiiunl  tlio  iron  ili'ii"-il- 
of  Vnncouvor  i-Ininl  l"!'  tln'  Min«-s  l^i-iincli  ..f  ttio  Depnrtmoiil  of 
Nfiiiis  in  VMi:.  Hi-  n^ilN  :nv  inilili-lie.l  in  tin-  Suimiiiiry  Itoiiorl 
.,'■  til  Mini-  r.riiH.-h  for  I'.tllT  s.  \yA-<-  :■  '■■  i;'>.  •m  !  in  rnl.li.-iit  lo;, 
No.    i:  of  the  Mini's  M'nini-li.  iniii. 

Si'veviil  sliort  niiiirn/ino  iirlii'le-  liavi-  ln-cn  imUlishoil  on  tlio 
n  ininii  .li-trii't-i  iind  iniiii'riil  imhwtrio-  of  tlio  i<l;inil.  th.^  ninst 
valiml'ii"  of  uliii'h  hnvo  boeii  li-lnl  in  tin-  liil.lio«Tnpliy.  Move  or  le>-; 
priviito  nml  nnpiiMi^liod  work  1ui-  I'fon  il^ni  Hot:il>l.v  liy  Mv.  W.  .1. 
Sutton. 


Hihliographn.-  'iho  followiiifi  liililiofiraphy  in.luiles  virtually  all 
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sr\(M.\KY    AND   COXrT.I'SIONS. 

^KNKKM.    i:K'>r.«ii;V. 

The  slaty  aiul  schistose  rocks  of  tlie  I/eech  liivcr  formation  arc 
ninuirputly  the  oM(>st  rock-;  of  Mint  hem  Vamouver  islanf'..  Thev 
form  n  hrond  hdt.  with  i\n  avtrnKC  widtli  "f  iilM.iif  live  inilo-,  whidi 
oxteiiils  from  near  tlic  east  coar't  of  the  i^^lainl  to  tlio  west  cuast.  in 
the  vii-inity  of  I'ort  San  .Tiinii.  Thoy  liave  hocii  close  foldcil,  so  that 
nt  present  lliey  luiv  marly  paiallcl  -trikc-^.  ahnut  X  ^"«"  ^V.  ami 
steep  dips,  chiefly  to  the  north.  They  are  pnMinnahly  ol'  marine 
oriflin,  and  arc  correlated  witii  the  n;roup  of  slaty  roiUs.  widely  di>- 
trihutod  in  tiie  l'a<'itie  Coast  region,  wnich  are  considered  to  l>o 
(■aVl)onit'eroii-  in  ay.  ;  ri>rniinj,'  in  the  interim-  n\  I!riti-h  (  .iln,^.'  m 
the  lower  part  of  the  Cache  Creek  frroup. 

Apparently  unconfornmhlc  ni>on  the  Leecli  River  forn.ation. 
althoiiph  scjiarated  from  it  lar^-cly  hy  fanlt-.  are  recks  of  h>v>r 
Mcsoz<iic  aue.  the  Van'  cMiver  «'ronp.  Tlic  Vancouver  group  has  1  ■  ■ 
=uhdividcd  in1.>  the  Xitinat  fornmtiori.  the  Vancouver  volcanic?,  tnc 
Sutton  fornuitidii.  the  Sicker  series  and  the  Metcliosiii  volcanic*. 
The  Xitinat  f.irnialion.  which  underlies  a  broad  helt  in  the  south- 
western part  of  the  island,  consists  of  metamorphic  cnlcareoiw  rocks, 
chiclly  marbles  and  amphibolites.  They  appear  to  lie  conformable 
with  the  other  nieinlters  of  the  Vancouver  group,  but  arc  not 
definitely  Mesozoic  in  age.  and  nmy  be  Palieozoic;  if  <(>.  they  are 
best  correlated  with  the  upper  part  of  the  Cache  Crc^k  group.  The 
Vancouver  volcanics,  which  compose  the  greater  part  of  the  Van- 
couver group,  and  which  arc  the  main  rocks  of  Vancouver  island, 
underlying  a  wide  central  axis,  arc  ehictly  metamorphic  andesites, 
ami  include  both  flow  and  fragn.cntal  types.  With  them  are  asso- 
ciated daeite  tutTs,  and  intrusive  d.vkes  and  -ill-  of  andesitc  and 
basalt  porphyritc-.  The  Sutton  formation  cni,<i-ts  of  intcrc.ilatious 
of  crystalline  limestones  in  the  Vancouver  volcnuir-.  Tt  i''  shown 
by  its  included  fauna  to  be  of  marine  origin,  and  in  y.wt  defuiitcly 
lowermost  Jurassic  in  ace;  so  that  the  Vancouver  volcanic^,  presum- 
ably accumulated  largely  under  subnuirin<>  conditions,  although  some 
of  the  vents  were  probably  above  -a-lev.  1.  are  in  part  of  lowerii.ost 
Jurassic  age  a1=o.     Tt  i-  probable,  howevc'-.  that  the  Vancouver  vol- 
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<■«  lirs  incluilo  -.;ui''  Trinasic  meinlior-.  Th.'  Sicker  -crie^  floii.sist-- 
of  iiiotntnori.hic,  ana  rliicHy  -clii^to-c.  i.e(liiiif'ntiir.v  mul  volraiii«' 
rocks,  with  intrusiv."  nci.l  nti<l  l.ii-ic  |...ri)li.vritcs.  the  mirl'inv  i.u<ml.<.r-. 
(,f  wliich  arc  c.iiforiiiiti.lo  with  the  Vancouver  volcanic.  They  form 
n  wide  axis  in  thf  central  part  ..f  the  island,  possihlv  extending  from 
il„-  cast  .•ni.-r  to  near  Ail.i-ni:  allliMntrh  llay  have  hecn  niapix'd  only 
tor  ahout  one-half  that  di-ten.c  'i'ho  Met.'hosin  volennios  underlio 
a  broad  belt,  r>  to  7  niile»  wide,  alonjr  tiio  sonthwc-lera  coast  of  th<« 
island,  separated  from  th.'  rest  of  the  member-  of  the  Vanconvrr 
>.•,  .lip  by  the.  I>M.cii  Riv.T  foitnation.  They  aio  compo-e  t  ol 
,,philie  1  iisait  tlows.  mils  and  annhaneiatcs.  with  intrusive  dial.as*' 
dvkc:..  and  ai-.'  b--  nirttimorpho.scd  ihan  the  rest  of  the  Vancouver 
4roni.;  an.l  are.  (lieTcforo.  pbiced  in  a  m'oup  with  considerabb 
uiiecftaintv.  .\ppaivnliy  th.a  have  1  ecn  forna-.l  under  .•..ndltion- 
-iuiilar  to  tbos..  of  the  Vancouver  \o]c:inics. 

The  rocks  of  the  Vnneouvc-  «roup.  with  the  possible  exception 
„f  iIh    MctchoMu  vob'ani.-.  were  «roatly  defonucl  durinn  the  npper 
.rurassic   period    of    foldi.u;    and    faultin;.'.   th.    axe-    of    f.ddin^   and 
f,„dtiu«-  beiuK  in   P  ueral   parallel   with   the  MriUe   of  ,he  isb.nd,   ni 
tl„.  -outhern  i>art   about   X   tl.V    W.     Following   th.'  dcforniatnm.  nnd 
perhaps  .Inriu;.-  ii.  ibey   were  invaded   and  partly  n.ph.ced  by  bntbo- 
lithic    and    'minor-    intru-ive-.   e-pe.i;div    nlonu    two   mam    axes,    a 
southern   and   a   northern.   s,.p.ra.ed   by   a    wbb'   area   in   the  contrnl 
pM,t   of  the   i-l:n,a    in    which    few   .v.uiitic   n.ck:-  ar-  cxp  .-od.      It   i- 
probable  thai  all  the  intrusive  r.,ok-  were  erupted  during  one  seneral 
period  of  intrusion,  but  in  .letail  thev  nu.y  be  subdivided  into  three 
iiu.in  and  two  ,uinor  tyi«^-.  which  were  cruptcl  in  a  definite  s  quence. 
The  three  nndn  batholithie  type-  are.  in  the  probabh.  order  of  their 
e-uplion.   Wark    diorite    and    quart/    diorite  Kneisse-.   Beale   diorite, 
.nd  S„aui,l.  eranodiorite  and  quart,  dioril.'.     The  two  niitior  types 
„re.     a  pha^c  of  'minor  intrusions'  that   is.  dykes  and  small   intrn- 
Mvc  l.o.lies   of  a.'i.l   and   basic   porphyrifes.  an.l   S..oke  >:abbro.     The 
•uiinor   intrusion--    arc    in    part    vonnpr   than    the    Saanieh   grano- 
diorite;   and  it  is  probable  that  the  porphyrite?  of  tlie  Sicker  series, 
referred    to    above,    are    related    to    these   'minor    intrusions.'      The 
Sooke    -abbru.    which    consists    of    jrabbros    aid    anorthosites.    with 
<;;,bbro  porphyrite  and  diabase  dvkes.  is  intrusive  into  the  Metehosin 
volcanics,  forming  a  main  stock  on  East  Sooke  peninsula,  and  three 
other  smaller  stock-.     Th.'  Wark  pneis«.  which  i-  the  oldest  batho- 
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Millie  typu.  uii«  |iriiliiilil.v  iriipi''!  iluriiiK  the  (lelorii'uti.jii.  since  it  i-* 
siii'in7.ir.  It  ( (m?ii-li  (il  ii\o  ■  iili-t.vpci*.  (Iinritr-)fiiei--,  nml  Inter, 
intruaivo  ipitirt/  diorite  kiu  ii*-;  Imt  tho  two  "uli-typcs  form  virtually 
11  sIiirIo  hiitholilli.  in  ilic  !*iMiiii(M-torii  P'"''  "'  '''o  islan'l  'Hi'' 
K'iei!'^i'>>  lir.vf  lieni  (•untiict  luctiiinorpUd-'Ml.  prt'^iinmbly  Ip,\  tlio 
yoiiiiKor  Siiniiicli  >friini"li(iriti',  iiiiil  iiinic  .r  Itws  rcprygtallizfil.  de- 
velDpinji:  in  tlic  i|imrt/  iliiiritc  «iu'i--.  <puirt/.  fcliNpar  (-lali'';  iiinl 
coiiipli'MiiMilmy  li(iriilil<  iidili'  (femic)  fucic-i,  wiiich  occur  inl' r 
liiinili'(i.  Tlie  I'lciili'  ilioiilc  i-*  clo-cjy  asHo<-iiit'd  with  tlii'  Sauiiicli 
HruiuxliMiitc  l.ailiolitli^  iiitrii>ivc  into  the  Nitiiiut  fiirniation.  ami  i- 
rcstriclcij  to  iIih  pci-iplicry  of  tlic  trianinlioiite  liatliolitli-i.  Tt  occnr-'. 
lunvi'vor.  in  lar^c  ina-^c,  and  i-.  Iirccciiilcd  l^y  llic  eraiiodioritc.  and 
wa-,  thuretort.'.  proliaidy  itiMinl.d  M'lmratt'ly.  Vhe  Saanich  (jrniio- 
inrilc  or  ipiarl/  dioriti'  i-  tlic  principal  hntliolitliic  ym-U.  and  i- 
widoly  di-triliuted  alonu  llic  fun  main  axe-  in  rclalividv  -mall  hnt 
numoro\i>  l>atln)litli>-.  Tlic  minor  intru-ion-  arc  nior  or  li'-- 
lestrietod  to  tiic  cnniait~  of  tlic  Saanicli  Kiii""'li"ritc  and  tlic  rock' 

i>\'    tlie    Vai uvcr    ^Toup.       It     i-    -iitfKt'-tod    that    the    >mall    hut 

iiiiriicroas  exposed  hathnlitlix  arc  pr.itiihcrnni'C-  or  'cupola""  of  one 
or  more  much  larftcr  ('oa-t-Haiiirclikc  iialliolith-.  The  Sooko 
trahhro  cannot  he  dcHnitcly  enrrehited  with  the  other  intru^ivos,  but 
was  prohahiy  intruded  -oou  after  the  dcfunnatioii  of  the  Metchosin 
vuli'iuiics.  wliicli.  if  the  Metchosin  volcanic-  are  mcnihor.':  of  tlic 
Vancouver  tiroop.  prohahlN  look  phice  diirins  the  upper  .lurns-iie 
period  of  fohliiifi:  and   fault  in:."-. 

I'poii  a  suhdued.  Iput  u^t  -niootli  ero«ion  surface,  ilevelopcd  on 
the  ahove  mentioned  rocks  during;-  a  iire-upiK'V  (  relae.  i.ii.h  ero-ion 
■  yele,  the  upper  fornialion,  of  the  Ci'wichan  jri'oup,  the  .Vauaiin"  and 
•  oiiforinahly  ovcrlyiui:  I'ormatious,  were  deposited  in  upper  (^reta- 
"oiis  and  possihly  Hoc.  iir  liuie-.  The  lower  iiortion  "f  the  Cowiclian 
^;io«p  poutain-  a  forniation  litholocrically  identical  with  thp  Nannimo 
fonnation,  hut  nnconfonnahly  uiiiii  rl\inp  it.  and  apparently  con- 
formable with  anil  transitional  into  the  sedimentary  nipnihers  of  the 
Sicker  series.  I'resuniahly.  therefore,  the  lower  portion  of  the 
(^wichun  (froup  is  of  Triassic  or  ir.ore  probably  .Tnrassic  app.  Tn 
mapping,  the  various  formation-  of  the  Cowiehan  group,  erected 
only  for  conveeieiice  in  inaiiping  and  de-criptiun.  are  not  distin- 
tiuished.  The  (owiihaii  jrvoup  occurs  in  three  principal  basins  in 
the   nortlicaste'ru    part    of    southern    Vaiiconvcr    i«laiHi      the   Coiiiox. 
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\Hiiiiiiiio.  iiiul  fuiMi  liiiM  lm-iii«;  iiii'l  ill  tliri'i-  niiiiU'r  baiiiin  .im-  iil 
Allxriii  iiikI  tlif  otli.rH  in  tlic  iipi  .t  I'liil*,  rt'siMctivi  l.v.  ..t' »  In  iiuiiiiM- 
nnil  Kokii«iliili  mi1I<-\-.  The  ro<k-i  of  the  ('nwichnn  (rionp  iiri'  .liji  ilv 
•  •nntfloiiu'riiti  -.  -iiiii|«friiio-,  iiiiil  -miiiiIv  shales,  and  iiriir  t\\n  l)a«'  "f 
llh  Niiiiaini  ■  tniii.ntii'ii  I'liiii  is  loiitnl.  iiii'l  in  llii'  Niiinilinn  iiini 
CoiiKix  Liiniii"  in  iiiniiiiorcinl  iiin'ii''''''"-  ' ''"  roi'ks  of  tlif  N'linaiino 
ronnnlioii  were  (lopn^iti-il  luiilcr  niariiir  I'ondition-,  in  flu'  down 
uiirpi'd  liii-ili  lictwien  Vancnuvtr  i-ilaiul  anil  llif  niail'.IaU'l.  Tin' 
inarino  conditions  iilti-riuiti'd  with  tliov  of  hrai'kistli  wati'i',  and  weri' 
appari'iitlv  roplai'td  in  liti;<'  !>>  terri'^trial  conditions,  when  tlic  uii- 
In^siliffroiis  oMrl.vin^  lornuition>  wore  dcpowilcd.  The  i'im'Us  oI  liic 
! 'mviciiaii  Rroiip  were  ih^fornitHl.  prolmblv  during  th.>  I. araniido  rt-vo- 
liitioii.  tho'c  ot  the  C'oiiiox  lnwiii  ami  nortlirni  part  of  tlie  Nanainio 
lia-iii  into  open  (uUU  with  minor  fault",  and  thl)^^l'  of  tli"  southern 
Xaiiainio  Im^-iii  and  I'owichnn  luisin  into  cloi'd  fold*,  ovortiirned  to 
I  lie  ■■oulhw(.'>t,  and  in  tlif  Cowichan  hiisiii  with  ovcrthnist  faultx. 
The  axes  ol  tho  oix^n  folds  corrtspoiid  with  that  of  the  inland,  while 
tlio-f  o{  the  I'losfd  and  overt mnod  folds  strike  alwmt  N  70'  W. 
Since  till'  tohU  We're  nVertiirilod  to  the  -olitliwe-t.  llli'  forie-  pivuhle- 
i'lfi  the  foldinK  must  have  acfeil  from  the  northeast,  probably  having' 
their  orinin  helou  ihe  h;isiii  liei,\een  Vaiieonvor  island  and  the  main- 
land. 

The  oii'-ion  i\i-ir  iiiitialrd  li>  the  defoniiation  of  the  Cowichan 
tironp  };T»!atl>  •iiilidiied  ill  llie  deforiiied  rock<,  developintr  by  late 
r.'rtiar>  time  a  piiieplniii  in  the  initnil  and  -outhern  pan  of 
-niilhern  N'lineoin er  Island,  while  the  iioitherii  part  retaiu.d  coii- 
sideraldu  relief,  with  niiineroiis  and  larRe  nionadnneks  and  divide 
n-i  liiiiN.  Kurinu;  'lie  erosion  lyide,  a  e(jii>tal  plain  of  ii'inve  detii- 
111-  till-  pic-eiit  Ciinniuiah  lue:  Sii^ke  fi^irniatioiis  wa-  i.iiill  up 
iilonjr  the  soiitliweiBt  eoust.  lirol.aldy  ^i^'ainst  a  siilmie'r^'o,!  nioiiu 
t:iiii  us  -111),!',  chiefly  in  Oliiroeeiie  and  .Mioi'<Mie  timer,  The  (ar- 
inaniili  and  Sooke  fornialioiis  were  uplifted,  luit  not  preatly  folded. 
alftuiiiK-h  tli.y  wii-e  broken  by  nniiierous.  but  -mall,  normal  faults,  in 
hit"  Peritlaiy  and  eftily  I'h  istoeene  tim  ■;  at  which  time  the  .-ulidiM-d 
lirtiary  iV..sion  surface  develope*!  on  the  hard  rocks  wa«i  .nlsn  up- 
lifted, riie  upliftO'l  sur^"aee  wn-  niatiiroly  dissected  U'fore  the 
(;liiei:il  pevi  id.  and  the  areas  alony  the  i-nst  'and  west  eon.=t.s  und<'r- 
lain  b\-  the  relatively  s,,ft  sndinieiitary  rocks  of  the  rowiclmn  pmiiii 
.111.1  of  tlr  Carmannh  ami  Snoke  foTmations.  as  well  as  the  extreme 
-..iitliei-leni  poTtiiiii   of  the   i-hind.  were  re<lueed   to  lowland-^. 
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|liiiii42  llif  (ilui'ini  iKM'iiMl  \iini'.  ii\«'r  i-liiiid  v<ii-  luv.rcil  li.v  iiii 
iiT  cup.  Htpl  viilley  Kliii'icTst  lillc'il  till-  liirgor  \alley-.  n'nuriiiK  tlnMn 
nut,  iuhI  coiivertiiiir  them  iiitu  tionli  iiml  ({luciiil  tromrlH  in  v\liii'li 
Iiikc«  Imvo  foriMt'il.  'Hh'  ri'^iiltinir  »rliirinl  till  imw  roiniiiiH  ■■n  ili' 
uplniiil,  sniiicwliiit  iiiiiili(i<M|  li.v  -liilili).'  on  llm  -fiop  -|..po-.  Inil  in  tli. 
liirittr  Miilevs  aiiii  on  (lie  foii-t  luwiiimU,  *triitili>'l  i|o|Mi-.it-  ci>ii>i-<l 
iiiir  liirm-lv  of  (tliii'iiil  (Ictritu-  in'cnr,  ilcpo-iitc"!  l.\  riviT.  Inki-  imii 
u  '  -ino  iincncic.-.  A  dO'oiid.  init  le^-*!!",  pcrioil  of  Klii''ii>'i'^'i  tHllowcil 
(III  ili'positioii  of  till'  stnititieil  di'po-it-  -o  tli:it  ili.x  linvc  |u  en  .  r.>i|i(l 
mill  I'ovoriMl  with  Inter  Rhifial  till. 

A  i-ci-oiit  iiiilift.  of  some  2r)(t  tVot  Ini-  lukm  iiIiht,  liriiiiri'i),'  tin- 
coil-till  louluiid-  "itii  llicir  i-ovcriiitf  of  -tiMiilii'd  i|iii"-ii-.  liit'Kcl.v  ..t 
liiiirilie  origin.  -'•"  to  oil"  feet  alio  tin-  pri'-rnt  -cii  lr\<l.  Willi  tin' 
ii|ilift  iho  liirirer  -trciini-  uliii'h  Imd  I'l-.vionslv  ili  vclopcl  flood  )i!iiin- 
ii\  ivi'il  iiiid  till'  pri'^cnt  luMiiiic  I'.viic  wiw  iiiiliMtcd.  dnriiij;  wliii'li 
lii(!  >tiiililii'd  ilrpo«it-  liiivc  lici'ii  ■.iiIi-uiiiHiiiIv  id  roHrndid.  whilo  tlie 
portion  of  liic  con-f  ('oin|Mi,-ci|  ot  tin;  luinl.  uiiderl,\  iiiu:  ?oi-l,-  i-  in  :\ 
\  (T.v  voiiilifiil  -tnjfc. 
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■|  he  niiiiriMl  n -oiiri't'-  oT  -millieru  \' jiiiou\  rr  i-l.iiid  luoliidi' 
deposits  viilnulili*.  or  po.-^sihl.v  vidnable.  lor  Hold,  loppiT.  iron,  finds, 
Huxes.  lime  mid  coiiient,  pig;nu'nt.  idiiy.  Mind  .md  k>'i'\i1.  iH"!  'loni'- 
Coal  liii-  lici'ii  till'  idiiof  source  of  iiiituTul  weallli,  and  copper  and 
Mime  gold  have  also  Imcii  coiminrcially  prodined.  I.iiiii',  I'eiiient. 
I'lay,  sain!  and  gravel,  iiiid  cru-licd  stone,  as  well  as  coal  aro  beinir 
liroducud  at  (irosent. 

(lold  occurs  in  the  pravil-  of  a  lar^fe  imniber  of  the  -ticairs  of 
Miiitheni  Vancouver  island,  hut  with  two  or  three  exceptions,  tlie 
principal  deposits  all  occur  in  the  -Ireams  which  drain  the  area 
iindi'Vhiili  h.\'  the  l.rn-h  liiviT  -hit  -,  ;iiiil  Ikim'  Imm  .iiiivivl  lloin 
very  1  >w  grade  iiiiart/.  \iiii>  in  thai  foriiiatioii.  '\'\tv  ^jolddiearinji- 
t:iMveK  a'rr  u-uah\-  of  fair  ar.:  lo.  Imt  air  not  very  ahiiiiilanl.  .\  lari.'-i- 
a.'i'iiniulali  ii  of  uimm-I  at  th"  "Id  nmnth  of  f,o.-t  river  and  iic,ir  the 
mouth   of   the   pre-i'i:t    Sonihrii.    river,    i-  heiin?   exploited    at   pref'ent. 

.Mineralized  shear  /une-  iir  tin irhoiit  the  rni'ks  of  the  Vancouver 

frroiip,   and   nlthouKh    they    are   nsuallv   more    iiiiiiortant    as   possible 
sources  of  eoptier,  they  also  carry  small  ainouiits  of  (fold. 

The  copper  deposits  of  -oiitliiTi'.  Vaneoiiver  island  are  all  more 
or  li -s  i-losely  Connected   with  the  iirnenn-  roek-  erupted  durinv;-  the 
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upiHT  .liiriii-»ii'  (HTi.xl  lit'  liHihnlithic  iiikI  ilyke  iiiirii-.i..ii.  Tlui.v  nm.v 
\„;  sulxliviilftl  iiilii  tliM'  iiiiiin  i,v|it-,  roiitiKl  .li'im.ii-.  iii(|'reK«ote<i 
iiiiil  it«|»lu''<'<l  »hmir  roiin^  with  iii-i-.  iiipiiii.N  iiiK  ipiHrt/.  vim*,  iimlcr 
wliioli  in  tlic  npiiMiil  Sooki'  Ivpc,  lu-iiirrinir  in  ;lu!  «lniir  /onfl*  of  tlw 
Sookt)  ifuhlini,  mill  lu-<ll,v  tin-  T.m-"  Imk'.  h  lari«.  Ifii^  of  ore  wlii.li 
wan  furiiicil  ill  ii  «.vn<'lino  in  tlir  Siikor  whidtt  i>f  Mniint  Sicker.  Tin- 
lontuft  (IfjMi'ilx,  whi'li  lire  tUixi  Iniii.l  rhictlv  in  uiilttniorphi''  limn 
-liiiu'^  iHur  llii'ir  lontm't-  witii  iiitriicivi-  itfiifmi-  rm'k-.  i.rf  llio 
niiirf  nuinoroii".  'I'Ih'.v  lire,  ai  a  luli',  -tniiill,  irri'jfnlar.  iitnl  nf  low 
urii<li'.  hilt  -iiMii'  of  thi'iii  art'  ol  ioh«iilcriililo  .roiioinii'  intcn"*!.  Tii'' 
•  lipoHit*  oc.iirriiiK  in  "hcnr  /oiu-  tri'  of  liitln  iiiiporlan<i',  with  llio 
ismptiim  of  tlic  -pi-fial  Sookr  i^p«',  uliii'li  m  ol  ifrrat  proHpci'tivc 
intciiMt.  I  lie  T.voi'  (Icposil,  now  lain.  I>  workiil  out.  i^  tlir  only 
■  jipo-'it  from  uhioli  there  lia-  heiii  a  coiiiniereial  proiliietion. 

Tho   iron   oi'o  liepoiitrt  an^  of    ioiir   lytx-",  eoiiliiot    .li'|.o..il-.    mi 
pnirnateil  ^c'liisf.  replaeeituiit   or  -tu'n'Kation  ilepo-its   in  the  Sooke 
Kuhhro.  unci  hot;  ore  ileposit-.      I        .cntuet  ilepositr*  are  h.v  far  thp 
mo-t    iiiiportiiiil  ;     ami    eon>iM  ..odii-    of   muKHftite.    wliieh    have 

heiii  Inriin'cl  in  tin  netaniorphccnecl  Xitinat  linie-^toneM.  near  the 
intru-'ivc'  IUmIo  diorite.  The  hodie-  are  larRf.  iind  low  in  pho«- 
plioriis,  hnt  liiirh  in  Jdilphiir.  The  ehief  depo^lu  occ-ur  in  the  valleys 
of  Oordaii  river  and  its  trihntary,  Hiit/nhoo  ereok.  The  impregnated 
sehir-ti  cjcMMir  in  tlio  Sieker  .'ierie-i.  The  iiiineraMicarinK  reeks  a're 
dark  red,  ja^pery  sehist-,  with  in  to  l.'i  i><'r  cent  of  nin(nietite.  Since 
the  niiif-'-notile  ciin  I'o  c-n^ily  c  iicciitialed  they  •nr  of  pro-l'i'livci 
;,  .|,  II     I    c.    'I  h.'     ih'  r  two  type-i  iirc'  iijiparently  of  no  value. 

t'oal  i-  the  ~ouri-e  of  a  very  iinportiiiit  iielu-lry  or.  thn  east 
c'oasl:  the  eo;d  hcinir  olitained  near  tlic>  ha^e  cd'  the  Nanaimo  forma- 
tion in  thi.  (  .oiiio\  l.a-iii,  an  I  in  llic'  iiorlhern  purl  of  the  Nanuim- 
l.asiii.  froii:  "'.iMi  to  1..MHI  fc.t  ahove  the  base.  These  coal 
dc'piwirs  bav.  iiol  Ic^n  examined  cliiiin^'  ih.-  prescMit  inve-ii>r:i 
tinii.  Coal  of  c  oiiMiie'reial  value  is  npparetitly  absent  from  the 
■  .iher  lislii-  of  the  rowiehaii  jrro\ip.  and  i-  almost  c-ertainly 
absent  from  tlie  Tertiary  sediments  of  the  we..t  <(>a<t.  Thofse  sedi- 
ments have  al-o  been  prosi)ei'ted  for  oil.  but  tlio  eoiiditinn=  for  thf> 
ac-einnulation  of  oil  do  not  -rem   to  be.  favourable. 

The  crystalline  limestones  of  the  Xitinat  and  Sutton  formations 
furnish  cxc-elleiit  and  ample  material  for  flux,  and  for  the  manufne- 
ture  of  lime   and  eetnent.     Cemont    Is  mannfaetnred   in   the  south- 
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ca-tern  piirf  il  ilif  i-liili'l  !•>  ll"-  \'ntii'.uM  r  I't.rtliiiid  (V'liii'iii 
< '•iiii|iuii.v,  mill  liiiif  !•  Iiiirii«!il  liv  hcmthI  iiiiiiiiil'iiitiirt'r>t  nl«o  in  tlif 
»(Hitlira-fm  II   |"iriii'ii  I'l'  tli"  i-liiml. 

A  liDK  ilf'P'>-it  I'f  xcll'iu  ipilinoil-  ihr  in  till'  Jiiiikc  lii'tiiit  i« 
a  |Ki»nilil«>  "•iiiirci'  >it'  iiinfcriiil  lor  a  1>iim!  lor  rolouri!-'  piiiiitj. 

I'Ik'iv  ari'  luo  tyjiCH  nf  fjiiv  ■Ii'im-it'>  in  sonflnTii  Vuin-ouvor 
i'luiiil,  tlio  -hull-'  <>l  the  N'liniiiiiKi  fdriniitioii  ami  tlic  cluv''  nf  tlii' 
xtnitifii'il  j'ii|u>rli>'iiii  ile|)<i»ii'.  Tln'  Krt'HftT  part  'it'  tlic>  sluiii'!«  nf  flip 
NiiiiiiiiMii  fiiriniitiiiii  un'  •^aiiilv  iinij  iinpiiri'.  Init  aiioi-iiitcMl  with  iIh' 
i-iiiii  ill  lilt'  Naiuiiiiiu  mill  I'niiii.x  lia-iii»  uir  tliin,  jriis-likc  bpil?^  nl 
I'lny-^luili'.  I  111-  -liiilc  i«  iiiiiii'il  liv  till'  i-diil  iMiii|'  iiit-4  mill  iiicil  li\ 
ilii'  liriti-ili  < 'iiluiiiliia  I'litirrv  Cniiipiiii.N  ni  Virinriii,  wlieri'  it  i« 
iiiixiil  with  ilu  I'liiv-  111'  ihi'  -iipcitiiiiil  tlcpu-ii-,  fur  tin"  iimniifaftiiri' 
I'liictl.v  111  »i'\\i'r  pipi'.  Till'  i'iii,v«  iif  tlir  stiiilitlivl  siipt'rtirial  ;ifpL.''»n 
iiro  iisixl  fur  ill"  iiuitiufai'liiri'  nf  rniiiiiiuii  Urii'U'  ainl  ilraiii  tile-,  at 
\'ii|(iria,  Siilui'v,  Sii|iit>    i-laml.  iiml  '"ihhi'Ih-. 

Saiiil  all  I  K''''*''!  "'•*"  "f  I'litaiiuil  Irniii  llir  -iralilii.l.  -iipirli 
lial  ili'iM).--itH  I'f  -iiiulirii'tt-ni  Vuniuiivfr  i>iuiiil. 

'riio  friirtiiri'il  ami  -Ik'miimI  rluiractcr  nf  tlif  r.uk.-  remlors  iiio<t 
nf  iliciii  tiiitit  fur  liiiililitiu:  ^tonr".  In  riiro  initaiico-i  tin-  niarblri*  iimv 
111'  of  value,  ami  -niiin  nf  ttic  ilark  K"*"'**"  (jrrniuxlinritiM)  oxpoitcrl 
iioar  Alln'riii  laiiiil  wmild  dniilitli'^-i  nniko  ttovil  luiildinK  ^tonP.  Tlio 
-aml-tnni-i  nf  tlm  Cnuicliaii  trronp.  {wpfiriallv  if  tin-  N'aiuiiiiio  and 
('iiiiinx  lia-iii-i.  ntTir  I'XiTlliiit  iiiaiiTial  fnr  «tniii'  111   that  kind. 

rill'    tl'lip-,    l'^pl'^iall.V     thn-i'    (if     th<:     Mctnhn-iii     viili'linin".     nfflT 

almmlnnt  iiiatorial  fnr  an  oxi'ollont  tpiality  nf  iTiwlied  -tone  The 
^|l•tl•llll-in  vnlcaiiii-  arc  ipiariii  d  at  .\llicrl  head,  in  Iv-iiiiiiiiali 
di-trii't,  U\    till-  Uriti-h  Cnlmiiliia  Trap   IJnrk  Cninpaiiy. 
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(;KNKr.AL  CIIAUACTKIJ  OF    IHK    DISTRICT. 

TOl'iM,l(Al>IIV. 

(nneiut  Aicoiuit.'-l!i-:iioii'il.     Vmu-tuiNui-   i~lan.l    i-^   a   iiiountuiii 
nuiHu,  ciianiL-U'ri/.ed  l-.v  Im.iIi   llat-lippprd  an.l  ri.lf,n-liko  -.umiiiits,   mkI 
is  the  result  ot'  the  iiiature  tli.-sectiun  ol'  an  upliltiMl.  ^ulKl^,  '  -..'■i.:    ' 
lunui'il   .luriiif,'   ii   Tertiary  eru^idi  i-.velc  a<'liii}i'   on   a   lietc"  >>:eiM!>nisi 
t;]'.,ui.  ol  (l.'turiiiccl  ror-k^.     Ii  lies  t..  the  west  of  the  great    ni.t -inal 
.Kpro^sioii  of  North  An.eriea,  known  as  the  I'aeiiie  Coast  d  •<.-!  l.-hl.' 
and  is  one  of  the  lorder  ranges  w'nicli  .■haraeterize  tlie  we-tern  shore 
of   tile   American   continent-.      I'ho    I'aeuie   I'oast   duuiifold   extends 
from  tlie  gnlf  of  California  to  north  of  the  (Jiieen  Charlotte  islands. 
This  downfold  is  in  part  ahove  -ea-lev.l   in  Califnrnia.  Oregon,  and 
Washington.    Init    both    the    southern    and    norihrrn    ends    an^    sidi- 
inerged.       The     submerged    northern    end    forms    the    sound    reginn 
soiiaratiiig  Vancouver  island  and  the  (iae-u  CharloUe  islands  from 
th..    mainland.      The   downfold    i-    ilanke.'    on    either    side   by   gn  Mt 
mountain  ranges.     Those  on  the  east  side  ar.'  tlic  Sierra  Nevada  ui 
(  alifornia,  the  Cascaile  range  of  Oregon  and   Washington,  and   tlia 
Coast  range  of  Jkitish  Columbia ;    thoso  on  the  west  are  the  Coast 
range  of  California,  the  K'lamalh  mountains  of  Oregon,  iho  Olympic 
mountain-  of  Washingfai,  the  Vaneouver  rangi>.  and  the  low  range 

,,|-     iho    tju.-.  n     (    ball.^tlr     i->.lu.i-.       Tile    hl-t     two    n'.l.g.-     Il:iv,      ke.'ll 

grouped  by   Dawsmr  ami  de-ignaled  the  Vancouver  systtnu. 

I'll,.  N'.iiK'ouv.r  range  eoustilut.-  virtually  liio  nlire  i-hiud. 
whirh  is  J'M)  miles  long  and  ',0  to  K>  n-.ilcs  wide,  the  total  area  being 
a'.our  -joooo  MjiuM'c  mile-,  or  ahout  the  -liine  a-  Inat  ••!  lio  I'l.iViu.-i 
..f  N  \u  Sc-oiia.  Tlie  uiiwarped  range  and  island  trend  N  '>'<"  W- 
This  range  is  separated  from  the  ranges  of  the  mainland  by  TInro. 
Corgia.  .lohn.stone.  and  Hroughton  straits,  and  Qneen  Charlott.- 
-oiind;  and  from  the  Olvmri.'  mountains.  \vhi<-li  lio  to  ihe  south,  by 
the  strait  of  Juan  <le  Fuca. 

The  Tertiary  erosion  siirfacc.  the  general  outlines  of  which  are 
now  pre-erved  on  the  upland  of  Vancouver  islan.l.  had  reached  before 
u,,lif  1  stage  varying  fmm  late  maturity  to  old  ai:e.  Tt  wa=  penc- 
idaine.l    in   the   s,,utliern   part    where   a    few    roundel,   nionadm^ck-like 

i;,.gio,/in  C.ur.ul...     Tree.  Can.   K<.v.,l   Soo.     V,,!.  8,  S.--.   1.  p.    t.   W». 
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hillf^  remained  a  few  Iniiulrfil  iVft  uUovf  llit  general  level.  In  the 
central  region  larger  and  liighcr  innnudmiek-  and  Mnall  ranges  of 
mountains — divide  residual-  -iii-vived.  wliieli  apparently  had  eleva- 
tions of  fnm  l.'KK)  to  ■"..OtMJ  feet  almve  tlie  yciivral  'Jevtia'ry  eie-i'ii 
level,  and  wliieh  an^  now  from  5,n<M»  to  T.tHM)  feet  uliove  -ea-level.  a 
few  peaks  hein^;  iven  higlier.  Tile  elevation  of  the  Tertiary  peiieiilain 
is  at  present  less  than  1. .".(«»  feet  ni'ar  the  seiitliLrn  eoa-t.  I. in 
increases  rapi''.y  to  2.(«Hi  feet,  an<l  then  inereascs  more  -h.wlv  until 
the  i)eneplain  ineirge-  into  the  in..r.  rolling  and  niMintaiu.'U- 
eoiintr>-  whieh.  a-  meniiened  ahove.  i^  <-liaraeteri-tie  ..f  the  eentnd 
part  of  till,  island. 


1m...   1.      Hluck  (iiu^'iiun.  illnstKiliii^'  tni««nipl  y  .it  t..utlirin  Vaiu- 


-Ian.  I. 


The  uplifted  Tertiary  erosion  surface  was  maturely  dissected 
during  a  pre-Olaeinl  cycle  by  transverse  rivers  with  large  subsc- 
<iuent  tributaries.  Aloiiir  the  east  coast  are  relatively  narrow  areas 
underlain  by  roeks  softer  than  those  forming  tlie  larger  part  of  the 
island,  which  were,  therefore,  during  the  pre-Glacial  cycle,  reduced 
iimre  nearly  to  base-level.  Olf  the  we«t  eeast  in  Tortiflry  tini,-  a 
coastal  plain,  which  had  been  built  up  apparently  against  a  sub- 
merged mountainous  slope  with  bold  promontories,  and  then  uplifted 
with  the  rest  of  the  island,  was.  after  uplift,  eroded  nearly  to  base- 
level  during  .he  pre-Glacial  cycle,  thus  exposing  the  mountainous 
slope  against  which  the  coastal  plain  sediments  he  .  br-en  deposited. 
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]^  i.i:cii  iH.K  \i    ^1  in  i;n  .  i  v\  \\i\ 

It  seeiM-  II-  if  :it  some  time  IdLuiiis  uiiittin'  ili-pfilnn  i.f  \\w  iip- 
Iitt<-<1  iM'ii.'pliiiii.  piiTt  of  thf  nuioti  UNTi-  <l.prr-<..l  mil  irin.Ml  tin- 
ilrov  lied  con-'t  of  tlie  soiitheiv*torii   portion  of  tlie  island. 

JhiriiiK  tlir  C.liifial  iierid.l  tlip  island  was  iipi)ivrpntlv  -mothered 
l,y  a  thi.k  i.-.'  cap.  and  only  mountains  over  4,()0(»  feet  liiffli  escapod 
rimn-lin-.  althnUKl.  in  the  -ouiliern  part  of  the  inland,  even  those 
noarly  .Vimmi  f,  et  liiyli  «vrc  -tnercly  pUviatod.  Valley  heads  in  the 
hiKher  n.oiintains  were  ox.-avatp  1  l.y  local  plaeier^,  and  the  moun- 
tains now  have  eharaetoristic  <errafe(i  snminits.  Valley  ulac-ers 
o.M-npiod  and  -eonre.l  out  thv  laruer  valleys,  converting  many  of  the 
westward  tlowiiit:'  valleys  into  tionls.  an.l  deepetiino:  many  of  the 
interior  valley-  into  hirire  lake  lia-ins. 

It  looks  as  if  the  relativi-lv  narrow  strips  of  lowland,  seldom 
more  than  one  or  two  mile-  wide.  oceurrinK  at  Intervals  along  the 
we-t  e.,a-t,  were  in  part  uplifted  marine  i-latform-,  since  it  is  known 
that  It  a  comparatively  recent  date  an  uplift  of  from  200  to  300  feet 
took  place-.  Althoufih  alon-  the  southeastern  coasts  there  are  no 
con.n)icnous  marine  platforms,  unconsolidated,  stratified  .leposits  in 
part  o*  marine  origin  weiv  uplifted,  and  have  hoen  suh-maturely 
retrograded  during  the  proent  marine  cycle,  f.n-miug  steep,  wave- 
cut  clitTs  S(,me  •_'."><•  feet  hijih. 

Local.  -In  the  -outheru  part  of  Vancouver  island  the  Tertiary 
cycle  reached  its  most  advancc<l  dfivelopment.  In  tlu-  -.outh  central 
portion  of  southern  Vancouver  island  the  peneplain  must  have  been 
very  -month  and  the  nu.nadnocks  few  and  comparatively  b.w.  l.ecau-e 
t1i(^  (.resent  upland  is  occuiiied  by  marshes,  swampy  po  ids  and  lakes. 
In  tlu-  nortiiern  an!  xn>-).i;.  piM'l-  ..f  tl,..  ana  occur  the  larger 
nionaunock>,  or  re.idual  mountains,  an.l  one  of  the  irregular,  small, 
residual  ranges  characteristic  of  the  I'outral  part  of  the  island.  This 
rang.^  culminates 'at  the  we>l  end  in  Mount  Arrow>mith.  a  uu.untain 
with  several  rocky  injaks.  the  highest  of  which  is  now  nearly  fl,000 
feet  above  sea-level. 

In  the  southern  part  of  Vancouver  isiaiul.  except  in  the  south- 
eastern portion,  the  dissection  of  the  Tertiary  peneplain  by  the  pre- 
Glacial  cycle  was  similar  to  that  characteristic  of  the  rest  of  the 
island,  that  is  matur.'.  lii  the  southeastern  portion,  althougli  l!i.- 
region  is  largely  underlain  by  erystalline  rocks,  the  pre-Qlacial  cycle 
reached  old  age;  so  that  a  new  surface  of  low  relief  was  developed 
several  hmnlred  feet  below  the  Tertiary  peneplain,  and  is  at  present 


<»S71     p.  1^ 


^] 


Sill    I  III  H^     N  \M  <il   V  111    l-l.\Ml 


i;» 


I'r.jiii  l'iiii  til  -Ki"  I'l'i  I  :iImivi-  -eii-lcvcl.  Suriimmitilip:  tlii-.  I' ruin  100  tn 
«(M>  t'pi't.  lire  iiliilivil.v  -.iiiiill,  i-i.iiiiilt>il  ir.oiuKliiiH'kj.  It  wii-^  iipuii 
tliir<  l(i\v-l.viii>r  ^iiiiiicc  tliii',  the  -Iriititivd  ilrift  uii-  (li'|ii>jllril,  whioti 
hiis  lieoii  nipiillv  ri'tniRrinlt'il  liy  ttip  prt'>^iMit  iiuiriiie  c.vflo.  rcsiiltiiiir 
ill  tlic  -tpcp  I'litf-.  wilh  (licir  atlcinlniil  -;iinl  ^pit-.  iliiir;\ct<'ri«tii'  nf 
llllH'll   of   tll<'    -iHltllCil-tOTIl    coa-t. 

[hliiilct/  ,\r,i,nhl.  I'l'liiiiJ.  Till'  |in-ciii  iiplaiiil  lit'  -iiiitlierri 
Vuiiciuivcr  i-1  iiiil.  wliicli  lui-  lii'cii  i)i'-criln>il  ns  linviiiR  lioeu  foriTip<l 
Ip.v  tlic  iiiiitiiri'  (lis-ii-t^nn  ut'  lui  iiplit'toil,  siilxliiod.  Tertiary  iTosimi 
siirfiici',  iMiiv,  l(ir  |iiirpii~i'-  'if  (k>~(Mipli(iii.  in'  dividrd  into  thrcr^  !irlt>-, 
whii'li  liinc  a  j;oni'r:d  wi-tfrly,  ur  -minuliat  north  of  wc-^torb  trend. 
Ka<-li  licit  iia^  it-  nmre  or  i('<s  cliarai-ti'ri-itic  topo(irnpliic  featiirt'-. 
ulii.li.    howcvur.    ]iicri;r    into    cafti    o'lu  r    aloii;.'    llir    very    iiidi'tiiiili' 

iMPiindarir-  of  tlu>  iliffc  licit".     'I'li 'iitral  licit.  uliii'U  i:*  from  "itl  to 

:!(>  iiii!c>  ill  width  and  virtually  extends  acro-s  the  i-land.  i-  cliar- 
acteri/cd  h.\  a  iiintun'  dis-cctinii  of  iho  'I'crtiaiy  ponoplain,  uliii'li  i- 
well  rcprc-tiitcd  hy  intir-tnani  area-.  The  'I'crliai,.  peneplain  wa- 
so  well  developed  in  the  southern  iiarl  of  thr  holt,  that  the  pre-ent 
upland,  when  viewecj  from  oii,>  of  the  -mall,  knoh-liko  hill*  uliieh 
:,iirinount    it,    aplKar-.   e.\repl    wli'Te    iiiterrupti^d    !■>     \  dleys     .■smooth 

and  IX  ntly  r.  Uinfi.  with    n  lativi  ly    ti  \v,  is  dated,  rmiudo  I    monad k-. 

wluise  <uinn  it-  af(>  mily  a  feu  Imndred  feet  aliovi-  the  ),'enernl  level, 
and  many  of  whii-h  re-emlile  lov,  .■unes,  with  riuindi-d  apexes  In 
u-eneral  the  inlirstream  ana-  i'rr  -mimth  and  <'overid  with  drift 
which  is  jiartly  yhnial,  hut  minur  irrefrularitic-  such  as  marshes  and 
-iiiull  lake-  occur  in  drifl-tilhd  hollow-  hctwecn  -lcep--idt\"  rock 
ledne-.  ."')  tn  liHi  feet  hiirli.  In  the  northwestern  iiurt  of  the  central 
helt  the  'J'crtiary  [k  ric])l;iiti  was  not  -n  well  developed,  so  that  the 
prc-ent  upland  has  very  much  more  relief,  and  tiie  ii'-idual  eleva- 
lions  are  more  immercuis  and  Inrsrer,  and  may  he  a-  much  as  a 
thousand  iVet  ahove  the  f;encral  level.  The  elevation  •<(  the  Tertiarv 
peneplain  increase-  frmn  l.."itHi  to  l.-'iM)  feet  iu  the  -nutheru  part  of 
the  helt  to  over  ."..(lOO  feel   in  the  iiofthern  jiart. 

The  sonthcrnniost  helt,  which  is  from  .">  to  Id  mil<-  in  widtli, 
extends  across  the  ^outhca-terii  part  of  the  inland  as  far  as  the  low- 
land in  the  extreme  -ontheastern  portion.  It  i-  eharacteri/ed  b.v  a 
late-mature  dissection  td'  the  Tirtiary  iieneplain,  so  that  now  onl.v 
tiat-topped  and  ridfre-like  hillr  occur,  with  snmniil<  aluint  a  tli'in-and 
feet   above  >ea-lcvrd,   and   separated   hy   nnnierous.  rather  irregidarly 
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patU-rnea.  do.,.  vulU-.     I-  th.  nortborn  l-.U.  whi-h  in  tlw  w..ter.. 
part  i.  "0  to  -5  n,i!c.  wiJo,  iinrrowinR  ui.d  ..incl.mK  out  to  the  oast. 
„  peneplain  wa^  not  .lovvlopo.)  l-.v  tl,-  Tertiary  .y-le.  for  nt  the  t. me 
.f    n„lifl    tlurc    w.-ro,    a<    ..Iva-ly    n...n.ione.l.    nunu-rous    u.ul    lar^e 
ro-iduals.  and  re^i-lna!  .1    id.^;    lu.wov-r.  0.^  two-.yle  developnu.>t 
„f  ,l,c  ,.res..nl   niountai.u.n^   topo;.'r»i.l.y    i^  o.v.sio.^  Hy   >l..nvn.      U.v 
Uvo...v-le  dov.lo„n.ont  it   is  naa,.!   that  th-  ,.r.  nent   n.o,.ntau«  owe 
their' lorn,  to  two  erosion  -yoh  s  their  s,unn>it«  heing  .nhdued  an  a 
re«-.lt   of  the  fir.t   .yele,   while   their  .i<le-   are  steep   a.  n   result  of 
the  les.  advaneod  seeond  .yel,..     With  the  exception  of  a   n.ore  u, 
less  continuous  ranp-  which  occurs  ah.uf?  the  norther,.  M-.e  .f  the 
belt,   the    nu.uutui,..   are   n.ore   or   h^.s    isolated,   heinr   -o,arated   by 
-.vide,  irregular  v.llevs.  which  arc  at  ,rade  with  the  valW^f  the 
central  l.elt.     The  ...ouutnin^  are  ehietly   fron.    Vm  to  6,000  feet 
high      I'hev  arc  usually  hold  and  rocky,  often  with  steep  slopes,  but 
„K,st   of   the.,,    arc   characteri/c.l   by    r.nu.dcd    ra.her   tha..    angiilnr 
-urf.uvs.  huvi.ig  be....  glaciated  by  th,.  ice  cap  which  covered  Van- 
couver i.la..d   i..   the  (llacial   period.     The  highest  n.ountains  oc.'ur 
i„    „,c   range   ab,.vc    .uctioucd.   a    lew    of    the,    havinu    -harp    and 
-cnated  .un..nit<  and  ob.curc  cir.p.cs  cx-avatcd  by   local   ,„ou,.ta.n 
„l.„.i,,,.    „f   sii.h    a    tvpc    is    Mount    .\rrow-u.ilb.    which    oc.-urs   a. 
n.e  west  end  of  the  v^u^v.  and  i-  the  highest  n.ountai..  it.  ^o,  'her,. 
Vancouver  island,  towering  t..r  ..early  .;.(..)(>  Icct  above  the  low  valley 
at  the  head  of  Albenii  canal. 

Valleys.-T,  .,.,s,e,.'>e.-  -The  ...atu.-o  valleys  which  -iissoet  the  up- 
lifted Tertiary  e.  .siou  =urta.c  arc  of  two  pri..<'ipal  -ystcns :    th..>c 
which    are    tra,.~v..rsc   to    the    -trikc   of   the    ..uderlyiug   rocks,   their 
origin  being  unk.,ow,.,  u.al  tbo-e  which  conforn.  to  the  -tr.ke  of  the 
„,,l,,.U.i„,,  rocks.  bavi,.g  bc,„  develope.1  by  the  ntore   .    „d  oros.on 
of  the' weaker  fon„atio.,s;    M.d,  valleys  being  known  as  M.b.cquent 
vallev.      The   transverse  valley-   have   i.,   gen..ral   a   north-south   to 
northcast-southwct    tret.d.    while    the    subsequc.t    valleys,    following 
the  strike  of  the  rocks,  l.avc  a  ..orthwest-southcast  trend  in  the  south- 
easter,, part  of  the  island,  and  an  cast-west  trend  i..   the  wester., 
part.     The  larger  valleys,  and  notably  the  transver-e  valleys,  have 
the  chan,.tcvi>tics  „1  .uatarc  gb.ciatiou.  that  is.  steep  s.dcs  a..d  ^^■uU■. 
rounded   lloors:    altho,.gl.  hanging  valleys  are  inconspicuous.     The 
vallevs   were  g.vatly  dcep<.,.ed   by   the  ghu^ial   seour.   an,l  two  of    th  • 
,,.,„«ve-e  vallevs  were  eouverted  into  fiords;    o.,e  of  these  occurs  m 
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,1,..  .„uth.•..^t.•.■n  ,..»rt  of  th.  i-la.i.l.  un.l  is  knovui  a-  Sann.-'h  .ulet. 
uhile  tlie  oth.r  forms  tlu-  ...iti.rul  wrstern  lM.un.l„rv  ,.f  s.mthoni 
V  m<'..uv..r  i-luu.l.  an.l  i-  .•all.'-l  AUurui  ,ai>n!  a.ul  |{„pkl.<.v  soun.l. 
\„.,tli.T  tninsver...  v alley  in  thr  .oull.w.Nt,.rn  j.art  of  the  island  wu> 
.  rodn<l  far  Wlow  seu-lrvel  nlniost  nt  it-  u.oiul..  It  i-  now  ...•••upiecl 
l.v  a  lako-Nitinnt  lake-  who-o  •^urfa...  i-  only  a  tow  foi^t  above  low 
ti.lo,  so  that  at  hiK'l.  tide  the  -alt  svat.r  n.-hu^   into   it   through  a 

narrow    ro.'k    Kute.     Another    trnn-vfir-..    valley    nrrinjf    m    tho 

.M.tern  part  of  tho  i«lan.l  \va>  ^'hu•ially  deeixiu'd  in  two  iH.rl.on..,  in 
uhi.'h  are  sitiinte.l  laker*,  the  sonthern.  Sooke  lake,  beinir  571  feet 
ahov..  sea-level,  an.l  the  northern.  Shawniffan  lake.  :!>«0  f,  ei  above 
.ea-level.  Sooke  lake  i-,  .Iri.ine.l  s.a.thward  hy  So..ke  river  IIowmir 
in  a  sub-maturely  wlaeiated  vaHey.  Sluuvnipan  lake  J.  .Irained  north- 
e;,st«ard  hy  a  small  stream  llowin,;  in  th-  wide  lowland  developed 
1,,N  the  mure  mature  erosion  of  the  relativly  s..ft  se.li.e.ents  of  the 
oast  eoast.  Several  of  the  smalh'r  transverse  valleys  are  aUo  maturely 
da.iated.  esiMieially  in  the  eastern  part  of  the  i-Luid.  but  the  larger 
„rmlH-r  are  relatively  imniaturely  yheiated.  ^ml  are.  ther.t.iv.-.  V 
~h;.;)ed.  altluni>rh  where  eonlluent  with  -ub-e.nient  -alleys  ihey  wid.-i. 
out  for  a  short  distimee. 

Siihseqiiexl.   A'hr    larger    -ub-e-iu.nt    valhy-,    >inee    ll'ey    have 
l„en  develope.l  on  wide  belt-  of  weak  roeks.  are  as  a  rule  wi.ler  and 
more  extensive  than  the  transver-e  valleys.     Although  they  have  been 
uliieiatod,  the  plaeiation.  with  two  or  three  exe.  ption-.  has  not  l.en  -.■ 
.severe  as  that  whieh  has  atfe<-teil  the  larger  transverse  valleys,  Uie're 
fore,  the  subs^'quent  valle.vs  have  >?entler  shle  slojws  and   narrowor 
bottoms.  The  lar«eM  .,f  the  subsequent  valleys  drains  sontheastwanl. 
and  nearly  divides  the  south.rn  part  of  Van.'  uiv.  r  i-laml  into  two 
ludv.^.  Tt  is  kn.Avii  as  Cowiehan  valley,  since  it  is  oeeupied  by  Cowi- 
.ban  lak.^  riv.T  and  bay.  Tt  is  un.U'rlain  by  a  .•b.s<-ly  fol.l.  d  synelin... 
-liphtly  overturned  to  the  southwest,  .if  eonj^domeratea.  snn.lstone'- 
and  shales  of  the  Cowiehan  jrroup.  tb.nked  on  either  si.l,.  by  resis- 
tant voleanie  ro.-ks.     The  less  r.slstant  sedimentary  ro.'ks  were  inore 
ei...^ily  eroded  by  the  eyele  followint:  the  uplift  of  the  Tertiary  pene- 
,,lain.  and  a  late  mature  vall.-y  was  formed,  whi.'h  during  the  Glacial 
period    was    maturely    silaeiat.-.l.    beinpr    deepene.l    esi«eially    in    th.- 
upper    portion    where    Cowiehan    l.ike    n,.,ur-.       Cowi.dian     lake     is 
.lraine.1  by  the   C.Aviehaii   river,  whi.-h   flows  eastwar.l  to  Cowichati 
Kay.  and  tor  tb..  irr.w.tor  part  of   li-  l'O  mil ^ur-^..  n^^an.lers  in  it- 
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fliii.  \allc'v  lliM'T.  -.fill  iw"  ir  llii'i'i'  mill'-  wiilc.  In  luerii  cut  ImiiUs  of 
str.itilii',1   drill    |h   i..   l'iki   ||.,i    IiImIi.      |i    ^c.m-.   tin n  Inn-,   m-   if   llic 

river  llMil  Inrli  irviviil  |i,\  tin  li'-cilt  llplill  wllii'ji  !iil-  lltTlM'Iflil  Villi- 
roiivcr  i^Liiiil.  mill  liiiil  Ik'i'Ii  riiln  iicIiiiI  in  il-  nuii  llnoij  pliiiii,  Ir. 
till'  iiMciilii'  |inrl  .il  ii-  iMiir-c,  a-  niiulil  If  i'\|'i''iri|  in  u  rrccntiv 
ri'vivril  -Iriiiin.  ilii  mm  r  i-  rniilinrii  lii'twci-n  rm'U  vviill-  mul  hus  ii 
-I.  I'ji  uiMili'  willi  i«M  lir  iliri'r  -iiiiill  liilU. 

)■  i\i-  iiiili  -  I'i  llif  iinrlli  (.I'i'ur-  aniilliiT.  inn   -miilli'i-  \alli-y  ul   llif 

■-•.IMC    l,v|ir.    new    iiiiicil    li,\    till'    upiMT    part    "I'    ( 'licniiiiiiiiH    rivor. 

Oilier  vallc.v-,  -lah  a-  llic  Naiiainin,  -till  t'arllar  In  llic  nnrth,  ami 
llic  iipicr  part  ni'  ilir  Kika^ilali.  In  llu  ".oiitli  d'  ('i>\\iclian  valley. 
.ippcar  tn  lie  el  ihr  -aine  reiicril  Ivpe.  tli.im.'li  the  K'cka-iliili  viille> 
i«  I'elalivcly  -mall,  mul  in  ll;c  ea»e  iil'  Nanaiine  \allev.  i'\eept  in  llii' 
liiwci'  p.irl.  ■■niv  trace-  nt'  the  nmlerlvinjf  .-.it't  recU-  aro  sc<'ii.  .\ 
similar  valley,  (le\el.>iie.l  'hi  a  lar|j;e  lia-MM  ef  «pi!iineiitary  rnck-'.  which 
havp.  hewcvcr.  a  inere  -..iitlicrly  trend,  o.cur-  at  tlu'  head  of  Aihenii 
canal;  and  i-  diMincI  -..utliv  ard  iiil.i  Vlhcrni  caiiid  l.y  S.-nia--  river 
and  il-  Irihiilarie-. 

Ill  the  -eulhcni  nail  "i  ihr  di-lrici  al-e.  an-  Iw..  -iniilar,  wide, 
-uli-eqnciii  \  alley-,  n.il  jireally  elaciatcd,  which  h.ivc  In  en  develnpcd 
in  the  nearly  vcrlicallv  dippiny-  >lalcs  and  -chi-i-  nf  the  l/ec<'h 
]{iver  fiiriiiatiii.  .  near  the  nnrtherii  and  soiitlicMi  cniitact-  vitii  more 
rc-i-lanl  xnlcanic  reck-.  The  iinrtlu'rii  vallcv  i-  ilraiiicil  ue-tward 
hy  .San  •Inan  ri\(.r  and  il-  eastward  cxlcii-icn.  Meiidow  eroek.  'I'lii' 
-oiitliern  vallcv  i-  occupied  h>  several  paired  -ir;.aiii-,  which  driiiii 
-oiilhward  hy  Iraii-ver-e  -Iream-  that  llow  in  deep  hut  relatively 
narrow   valley-,  and   eiiiply    iiit<.  i   strait.      I'his   paired   arninjfe- 

nieiil  of  drainage  develop-  on  m  i,.d  -tructiires  of  alteniufc  linrd 
and  -ell  rock-  h.\  the  rapid  Inadward  yrowlli  of  the  trihiitiiries  of 
llu'  lrnnsv<r-e  sireain-  aloiii;  tin  hell-  of  soft  rocks.  [ii  the  later 
-tan<-<  of  tin.  <..\<'le  the  dividi-  in  the  -iih-eiineiit  valleys  lietweeti  the 
cotilij-iHiii-  river  -y-;cin-  are  ;;ri'ally  r<'(iiiced :  and  if  the  soft  rock 
helts  arc  wide,  the  -iih-ei|iieiit  trilnitary  valley-  hccoiiic  eorrespnnd- 
iiinly  -o.  Thi-  slayc  has  heen  reached  hy  the  valley  alotip:  the 
soutliorti  hoiindary  of  the  I.k.cIi  River  foriiiatioii,  which  will  ho  re- 
ferriMl  to  duritiff  this  roport  as  Leech  River  valley.  The  streams 
which  occ.npy  the  valley  are.  from  <  a-l  to  vv.st.  Widf  crick  an  I 
L.<'cli  river  <lTaijied  -onth  hy  .Sooke  river.  Hear  creek,  the  central 
part,   of   .Inrdan    river,    and    \'    creek    diaiind    -oiilhvvard    l.y    .lorilan 
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iivi'i.  .ui.l  I,.. -I  riv.'i-,  «lii'li  ll..»  n,u  u.-tuar.l  ..r.-iipi.  ■  ll»>  u.-I.tii 
|,„rl   ..I    t'l.'  vitlli'>.     I."'t    riMT  ■! iiol   .Ml  ply    int..    Ku.i   -Iriiil    iit 

fl Itll    of    tin-    VIlll.'.V.    hut     I.rnl.;,l.|^     .>U1MU'    to    ill.-     r.'.-.Mt     liplilt     of 

\\lIWMilV.r  i-lilllil.  »:l-  .livcrlr.l  \,\    II  lillu.-  .|.|M.-it  (.1    -ami  nii-l  uri>\r\. 

^^lnoi,    ,i,-.MmiMl.it,  ,1    m-iir    ll"«    in Ii   ol    tl;i'   viill.'.v.   i.ii.l    ii.  sv    Mn,« 

,|ir«'i'tl.v  -oiitli,  i(iiiii"Aliiit  oviT  1  iiiilo  IroiM  till-  -Imri'.  wli.n  il  Im-  :iii 
,.lo\„iion  ..f  iiliout  .-t-'ii  iV.i.  .Hhl  luniUlr-  ilir..,i>:h  ;i  luirrow  ro.'K 
iniioM  1)  Fin'ii  ^triiit. 

Tlirrc  lire  oilier  liii'ni'  ■•nM  u.-i  \.illo>-*.  mh-I.  a-  ilmt  ol  >aritii 
lako  luul  riviT.  uliii'li  llo"-  ui-tuanl  into  Iliirkli'.v  -ouimI.  tliiit  tii.p.-iu- 
1,,  |,:ivi    1 n  .|.\r|o|ic.|  nioii-  colli, I, 'I-  of  111.'  uh.|.'i'|\in(r  t'oriiuilioii-. 

■  ,1/.. (./,,»■>.'  Ill  ill.'  ..•iilnil  ii.ii-i  -f  111''  i-l.ui.l  Jiv  larnr  n'lu- 
in,l>  iliit  l.M-in-  lit  .■Ifviilioii-  iirar  I..MMI  f-ot  nl'ovi'  >on-l('vrl,  aii«1 
l.ihiti  1,,  l.r.iiii  fcrl  liflow  111.'  rcrliary  ii.'lio|iLiiii.  ulio-t-  oi-iu;iii  i>  not 
iil'Mu-  .•l.ar.  Tliry  iiiv  iiMially  .Irift  tillnl  and  mar-liy.  am!  fro- 
,|UoiilK  .■oiilaiii  lal;<-.  Tin'  lai'i;.-t  of  tli.  I.a-iii-.  or  -ncailou-'  a- 
lli,,\  .,r.'  lorally  nillcil.  o.-.-iir-  al  llic  la  aihyiti  r-  of  .lor.laii  rlvrr.  ami 
1-  UiiovMi  a^  .Ionian  iiioa.|o«-,  Il  i-  al.oiit  ihr.M.  niilo-  loiif:  l.y  a  mile 
V.  i.lr.  ami  i-  uml.'rlaiii  liy  tlio  oa-ilv  rro,l.'.l  Lrn-li  UImt  slafi-.  Smm' 
of  Ih..  otli.'r  •  .iiea.iow-."  liowrvn-.  apjirar  to  l.o  iimlrrlaiii  l.y  tlio  iimrc 
iv-i-taiit  (TN-tiilliiic  I I;-. 

('„„,/,//  loirl.niils. Aloll^'  til.   .a-t  ami  ui-l  .'oaM-  are  rolativelv 

TOW    anas    nnilrriaiii    \>y   <...linii  iitary    ro,l>-.    imlnralcd.   l.iit    imt 

nn.tai.iori.liosi'il  lo  any  L'lvr  ..xl.'iil.  wlii.-li.  narlly  on  account  of 
tlicir  low  rcii-laucc  to  cro-i(  nave  la-pii  worn  down  lo  a  louland 
diirinjr  llio  prc-dlacial  <-yclc.  The  -cdinicnt-  aloinr  tlic  Pa-t  coast, 
tim  Cnwichaii  irroup,  have  hccn  fold.d  into  ojipn  and  clo-^cd  folds, 
and  also  faulted,  -o  that  -trata  of  v  iryiiu;-  hardii.---  have  heon  ex- 
p.,scd  to  eroioii.  which,  altlionvh  il  lia^  reduced  the  an  a  underlain 
l.y  the  sediment-  to  a  lowland,  ha^  not  pro^rcs-ed  far  enouKli  U> 
reduce  the  hard  ami  soft  strata  to  the  -aine  treiieval   L  vel. 

The  sediments  „f  the  west  coast  of  Vancouver  i-lami  wrc  de- 
p..-itod  ill  stiiiiU  puiha.vmciits  otT  a  im.untainous  cna..t  with  hold  pro- 
montories. diiriiiK  the  Tertiary  period.'  and  w.  re  afterwards  up- 
lifted with  verj-  little  folding,  hence  preseiitinii  !.i  eroMoii.  strata  of 
nearly  uniform  resi.-tance.  Tliry  were,  therefore,  worn  down  durine 
the  pre-(Jlaeial  cycle  to  relalively   Hat  areas,  cxpo^iiitr  '.\\o  -teep  -^lopc 
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;.iiiiiii»t    uiii.h    tlifv    worn   <!«»i>o«ito<l.       Hit:    lliit     ir.  h"    wcr.      iplift*"'' 

iluriiiit  till-  r< !  ii|ilifl,  mill  aro  iu>«   15(1  to  JM  f«>t  alx'Vf  -Btt-level. 

III.'  lufKi  I-  »lr.iiiii-.  -11. 'h  II-  .lor.lini  ami  S,..,kc  ri\i'r».  wlii-'ll  cr..-*-' 
(ho  ■"oliniintar.v  bniins.  huvr  «th<1im1  llio  *«MliiiM>iitiirv  rock-'  nloii« 
their  fi.iirM-  iii'url.v  to  Mii-lf\>l.  iin.l  htne  mI»"  widiin'il  tlifir  viilloy*: 
lull  till'  iimiKToii-  HiiiulliT  -tn'aiii-  rrii*»  tln'  l«ii-iii'  in  luirrow  RorKP*. 
1111(1  ill  one  iiHtiiiK'ti.  four  inilos  west  of  th(>  iiitniin'o  f"  Nitiniit  lake, 

;i   <tri':iiii.   tin-  'I'-M-iiil    ri\.  r.   I:ill»  iilmiil    »(>  t'l'.^l   oviT  il    "liluNtollr  ■■HtT 

into  tliv  oi'i'uii. 

Ill  thr  Mill  il>  I  I'ui"'  IhmIc,  nl  the  ciil  niinf  o1  |!nrklt!.v  -omul, 
llio  Kraiiitic  n.  ks,  \vliii;h  iiikIitIIc  iiii«  ilistriii,  li:ivo  been  worn  down 
I.I  II  uHiTow  lowliiii.j,  similar  I.  iluil  iiinlcrliiiii  l>.v  tlic  lY'rtiury  wili 
iiHiit-  to  till?  .■...iitiicast.  Till"  .■■wluiul  i-  I'oiiiimiutivel.v  h^vi'l,  'iiii-  to 
iwo  iiiilc!*  wi'li'.  mill  11.. w  iil.oiil  125  tcet  uliovu  tlic  st-it.  It  i^  UTiuiiia- 
Icil  iiiluml  I..V  a  -t.vp  -Ii.ih^'  to  tli^'  iiplanil.  Tlic  lowlaiul  Jooki  u<i  if  it 
wen-  foriiicl  Kv  wavr  cuttiiit;.  ami  ^'ill'■^•  it;  i<  known  tluit  then-  Im-' 
l.,vii  II  .•..niparativily  r.r.iit  ii|.lifr.  of  al.oiit  :.'(Mi  tV.t.  it  -.■f-ms  nio-t 
IHolmlilo  tliiit   it   i-  an  ii]>nftc"l  inarino  platforir. 

Ill  tlio  ixtniiK    Miiitlii'ii.-tcni  portion  of  tlio  i-laii«l,  in  tiio  iiciwli 
lioiii'liooii  of  Viotoiia  mill  tlio  Saanirti  |«iiiiiiiilii.  althoiiRli  tlio  n-jrion 
I-  lat-Ri  ly  iiii.l.rlain  l.y  cry-liillino  rooks,  tlic  pro  ( iliioiul  .-y.lo  app.ir 
iMitly   roii.-JKil   ol.i   airo,  devi-lopiiiK   a   lowlaml   with   roumli^il   luoniil 
nocks,  -iiiiilar   in  appeiinincf  to  the  Tortiary  pouoplain   alreaily  <h'- 
iTJlii'il.     Its  avcniKc  clcvutioli   is  now  ninnit  :.'•>(*  foot.     The  nionml- 
nooks    -iirniouiit   the   lowland    hy    a    fow    liiindrod    feet,    the    liir«t'st. 
Mount   Niwtoii.   ill   the  Sninii-li  di-rrict.  ln'iiin    l.iNHi   toot   aho>r  -i  n- 
level.      In    tin     wc-tcrn    portion    tiiis   lowland   j^radi's   fairly   id.  iptly 
into  tho  soiitlK^rn  belt  of  the  upland  of  soiitliorn   Vancniivvr   i^hiiul. 
already  desorihed  as  characterized  hy  a  latp-iiiaturo  diasoetioii  of  tlio 
TiTtiary  peneplr.in.     Simr  a  hirtro  port  of  the  lowlnnd  is  covered  liy 
fiinrine    ileposits,    it    may    iiave    heen    in    jiart    ileveloped    liy    marine 
planation.  aitlioiiBh  iio  pvideni'i'-  of  sueh  iilanation  have  he^ti   noted, 
and    the   region    is   protected   hy    it-    inland    position    from    powerful 
wave   aetion.      It  seems  iiio-t    prohahle.   therefore,   as   it^   appenranec 
-iitrire-t-,  that  it  lins  hetMi  foniiid  hy  suh-aerinl  erosion. 

The  lowland  areas  of  the  coast  n-gioiii  are  covered,  as  already 
mentioned,  hy  iineonsolidnted.  ii-ually  stratified  deposit",  in  part  ol 
marine  oriffin.  The  drift  depo-it-  pre-ent  more  or  less  relief,  wliieli 
ip].c:ir-  lo  lie  line  to  cnxive  ruhcr  than  t ii-tnictive  agencies,  llu' 
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drift  having  hcoii  overridden  by  glaciers  during  n  >i'cond  [leriod  of 
glaciation.  In  some  of  the  hollows  in  the  drift,  lakes  up  to  two  miles 
in  length  ofcur.  One  of  those  lakp.«,  seven  miles  north  of  Victoria — 
Rlk  lake— furnishes  the  present  water  supply  of  the  city. 

>7(0)e-iin<'s.— The  present  shore-line  of  southern  Vancouver 
island  is  in  a  sub-mature  stage  where  developed  on  the  stratified 
drift  deposit  of  the  southeastern  portion,  and  also  along  the  west 
coast,  fornicil  largely  of  the  Tertiary  sediments,  where  wave  erosion 
is  very  powerful :  Inil  il  is  in  a  youthful  stage  where  developed  on 
the  crystalline  rocks.    1  escnt  marine  cycle  was  initiated  by  the 

upiilt  which  atTi'<-tcii  VaiM-ouvcr  isliiiid  recently,  nnd  which,  in  the 
southeastern  part  of  the  island,  was  a  partial  recover:  from  an 
earlier,  probable  depression. 

.\long  the  northern  part  of  the  east  coast  of  southern  Vancouver 
island  the  glaciated  old  age  surface,  dcveloiied  during  the  pre.-Glacinl 
cycle,  on  the  deformed  sediments  of  the  ('owi"han  group,  was  appar- 
ently depressed;  iind  the  valleys  were  drowiu-d  and  the  ridges  of 
hard  rock  bci'iinic  islands,  reefs.  ;ind  loiif;-  promontories,  elongate  in 
the  di.-ction  of  the  strike,  that  is,  in  general,  N  .10°  W  to  N  80°  W. 
The  partial  recovery  was  not  sufficient  to  nmterially  change  the 
chiiriicter  of  tlii-;  sliore-liiie.  Wave  erosion  in  the  jire-riit  marine 
cycle  is  not  very  great  along  the  east  coast  since  it  is  protected  by 
its  inlanil  position.  TIence  the  beaches  are  narrow  and  non-cc-- 
tinuous,  and  are  confined  for  the  greater  part  to  the  vicinity  of  drift- 
tilled  valle.vs  between  hard  rock  ridges.  The  front  or  obsequent 
^lojies  of  the  islands,  usually  the  southwestern  since  the  iirevniling 
dip  is  to  the  northeast,  are  steep,  while  the  back  or  dip  -lopes,  where 
tlie  (lip  is  low.  are  gentle,  so  that  the  water  is  shiillow  and  the  -Imre 
is  marked  by  many  reefs. 

.Mong  the  southern  part  of  the  ea-t  coast  the  sub-maturelv 
glaciated  ami  drift-covered  old  age  surface  developed  during  the  pre- 
(ilaeial  cycle  on  the  crystalline  rocks,  was  first  depres-ed  int  >  what 
was  probably  a  simple  shore-line  with  smooth  flowing  outlines  where 
the  crystalline  rocks  wer.--  drift-covered.  TTowever.  it  is  probable 
that  some  of  the  crystalline  rocks  w«'re  not  clritt-i'..vcred.  and  that  in 
such  instances  the  initial  shore-line  must  have  been  characterized 
liy  many  irregularities  such  as  bays.  ])V(inontories.  and  small  island-. 
But  since  the  old  age  surface  had  been  glaciated  the  shore-line  was 
proliably  free  from   mitior  irn^guiiivitie-.  that   is.  thi'  rocks  hail  liceii 


'rlSS^SK- 


:.:fm^<^ssi-*^^mi:^?F's^¥J^if^m:^Mmjimi€xim'^' 


-iiMiOllud  t..  a  rnuiHii'.l  uuA  ku,M<y  outliiH',  llu.  inii.nr  f.Mt.nvs  (,f 
nli.'t  <levol..iHMl  l,y  ncvu.A  ci-omom  having'  I)(<m  ,l.-tro.\v(l.  The 
partial  re.'nvcvy  .,f  al>.>nt  -JM  leot  from  tlw  initial  dcim'ssioti  was 
not  M.rtieient  to  r.'vivo  the  hirjicr  drowno,!  valh^ys.  hut  uplifted  thp 
Mratiliod  drift  depn-it-  wliioh  havo  h.on  .sul.-niatur.dy  rotroirnidcd 
durinK  the  pr.-ent  marine  -■ylo.  d.'vrh.piuu  -tc'l'  ''Hff-^  "P  t"  S"'" 
foot  hidi.  with  ooar-o  houhior  hoaoho>  and  ntt-ndani  saud-pits-. 
Sonic  ol  the  hays  forna^d  in  iho  dopn-^ious  ,,f  tho  .Irift  deposits 
have  been  .i.'arly  oh,.ed  hy  hay  har~  or  wall  h.a.-h,-,  hohind  whirl. 
his?ooiis  oocur. 

Sinoo  the  dmuuod  irn^fiular  valh  y-  .,f  tlio  oast  <-oast  of  -outhevn 
Vancouver  islan.l  were  nnUoroly  to  suh-maluroly  jrlaoiatod.  tho 
prosont  inlets  „nd  pusses  hetwom  th.  idan.ls  are  Hord-liko  in  ohar- 
act.r.  A  typical  fiord  is  the  matiiroly  glaoiuled.  drowned,  transverse 
valley,  now  occupied  hy  Saanich  inlet,  which  extend-  -..uthward  int., 
tho  lati>-inatiirely  dissected  iiortion  nt   th'-   upland. 

In  spito  of  the  tact  that  the  iidot:-  »ro  tiorddikc  in  character, 
tiie  glaciatiou  does  not  -v,-n:  u,  have  heeu  -niticient  to  have  developed 
llif  present  shoredine.  Some  ..I  the  inl.'ls  and  pass.'s  are  intricate 
and  very  hirfre,  the  roRi..!,  in  general  is  ,,(  low  relief,  the  character 
,,r  the  topoKraphy  ai-pears  to  ho  the  r.'sult  of  norun.l  erosion  and 
nurcly  -uh-maturc  -laciath.n,  and  the  glaciatiou  was  ac.'omplishe.l 
,hiell.v  hy  a  large  piedmont  gla.Mcr  which  occupied  Georgia  and  Ilaro 
=trftits  an.l  tlowcd  southward  at  a  wide  anfile  to  many  of  the  inlets 
and  .•hannel-.  However,  th.'  fihicier  .-.mformcd  to  a  rather  striking 
.legrce  to  the  irrcunlarities  of  the  surface  over  which  it  tlowe.1.  It 
seems  hest  i.>  eon.dud.'.  therelnre.  that  the  present  irrcfiular  shore- 
line is  due  to  depr.  ssion  rather  than  to  glaciation. 

Ahmp  the  west  .'iiast  of  s.mthcrn  Van.'ouver  i-lan.l  th.'  Tertiary 
-,'.lin:cnts.  whi-'h  a-  de.s.-rihc.l.  ha.l  hen  w..rn  .h'wn  t.,  a  .niooth  low- 
lan.l  .luriuK  the  pre-iila.ial  .-ycle.  an.l  the  tlat.  .les.'ribcd  ahove. 
which  was  .h'V.'h.p'.'.l  near  Can."  Ueale  .-n  ih.'  fii'aniti.-  ro.'ks.  p,.->il.i> 
a  mari.ie  platform,  wen-  uplift.'d  an.l  the  r.icks  are  hcinpr  rctroprraded 
in  the  present  n.arin.'  .y.'l.'.  Th.'  wave  a.'ti<M.  i-  v.>ry  p.nverful  an.l 
has  forme.l  a  clitf  ahout  lOti  feet  hiuh.  « ith  many  .lan<rerous  reefs 
..tf  shore.  Since  th,-  uplift.'d  h.wlan.is  were  pr..hahly  without  niu<-h 
relief  the  initial  -hore-line  may  have  heen  fairly  straight  an.l 
r.-Kular.  an.l  nniy  have  heen  further  -trais-diten.-.l  hy  th.'  retr.>Rr."ssion 
durinu'  tlie  pr.'sent  .  y.le.     Tt  is  now.  therefore,  n.'arly  straicrht.  and 


Mil  I  iii:i!\    *  vNi  111  \  rii   1^1,  wii  1', 

1-  In  ;;r.';il  ri.riliM-l  !(■  llu'  irvcunlai'  lii>ril  rniHl  ol  lln  tW'Vr  ihTtlicrly 
|M.i-*'  ,L,  nt'  the  'Ai'~t  ciia-I  cil'  \'ii II. ■(. liver  i-liunl.  Ai  llii'  lia-c  "f  tli- 
ruik  c'lill'^,  uiiw  \ii\'n(i  (Iciiii-it-  nt'  -triilitii'(l  ilrilt  uliii-h  were  I'onrcil 
in    till'    iiiv-(  ilai-ial    vallcv.    iH'tMi'r    ii.ilil't.    are    (•■■ar--    liMnldor    iiii'l 

-liiiiulo  l>eai-lic-.:    wliilc-  at  lli.'  \y.\-i-  ..f  ll litis  of  >tratlli,.|  ilril'l  iin- 

liinT  yiMiiicil  liia'-lir~  (if  liiiiih  i|  cviciit.  I'lic  slinvi'-lim  i.  Iir.iki'ii  \<y 
I. Illy  tun  lipiad  :i|ii'h  liay-.  Imili  .if  wlii.-li  arc  a|>|iai'i-:  tl'.  ijlai'ially 
i|ii'|iiiii'il  valley-.  Ono  i-  in  ilir  iniilijli  iiurlioii  of  tin-  -iinri'  line  af 
tli(>  lu.iutli  iif  tin  -uli-i'iiin'iit.  San  .liiaii  valloy  ami  i-  Liim' n  a-  I'nrt 
San  .Iiian;  wliili  ihc  i-tli  r  i-  f..uV  iniK  ~  <'a>t  of  (ain'  llcilr.  at  li:" 
iiiiiiitli  of  ,1  lran--vi  r-c  valK'v,  aiui  i-  callcil  I'afliriia  liay.  I  lie  wo^t 
ii.i-i  iif  laillicni  \'aiiioiivi-i'  i-laml  i-  tcniiiiiato  1  at  t'a|c  llo.ili-  l.y 
the  Itarlilcy  ^ouiui-Allicnii  canal  tionl,  wliii'li.  a>  <li-fTilii'(l,  i  .  tin- 
natural  wostcni  Kniinrlary  of  <nn;liorn  \'anco\Hcr  i-^laml. 

(  i.iM  Ml    \\n  \  i:(a:i\  i  io\. 

ri;i  cliiiiali-  of  -oiirlirni  \'anrou\ir  islainl  varii-  w  iilt'ly  in 
<lil?i-ront  part-  of  the  islaml.  Aloiijr  the  ui'-t  coa.-l  it  i-  cxi-ciitioiially 
vvct  with  iilxiiit  \-0  iiicho-  of  raiiil'all  a  vi'ar.  while  on  ihe  oa-t  ooa-t 
of  the  i-^hnnl.  in  tlio  jra  of  tlu'  main  rany:o.  il  i-  <-oni|iarativcly  ilry. 
\  jtli  only  from  :!it  to  lio  inchf-  of  rain  a  y(>ir.  'llu-  trroator  (lart 
of  the  rain  fall-  in  the  winlor  month?,  while  tli.^  .-unimer  is  dry. 
The  tPin|ierature  nioiii;  hotli  eoa-t-  i-  rcnarkahly  uniform  an<l  tern- 
|ii'rale.  due  in  hir^e  i^art  to  the  inllueiiee  of  thi'  .Tapan  eurrent.  The 
aiertif-'e  ti'iiiperaiure  i-  i'l  \  .  ,\\  «  inur  ami  ."o  I',  in  -ei.iniei'.'  In 
the  interior  of  the  island,  on  ihe  iiiilnnd  and  mouniaiii-.  the  difl'er- 
eiie<'s  in  tenii>orature  are.  nf  eoui-e.  mneh  yrcater. 

The  following  lahles.  fiiviii'.;'  -tnti-ties  of  rainfall  and  teniiiera- 
inie.  have  lieeii  compiled  fron:  data  fnrnislied  hy  the  Me'eorolonrieal 
Sei\i,i.  of  (  anada.   and    the    I'liiteil   States   Wealher    loi-eau: — 


'The  cliiimlo  <it'  Viitoria,  which  is  represoiitiitive  of  tlio  sduthcust.-ni 
imit  of  the  i-laml,  1ms  been  treated  very  ade<iuately  and  iiili'ii-ti!i(;'y  Iiy 
Artlnir  W,  McCurdy  of  Victoria  in  r\  short  article  in  the  National  fieo- 
«raphio  Manazino,  Vol.  XVTTT,  pp.  .''to-HIS,  with  two  -l;.toh  maps,  Mav, 
1907. 
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Only  the  ilrillciiMicil.  loa-l  ImuIiiihI-  of  the  l'll^tc•rll  iiml  ^iiiith- 
I'liMtfTii  imrt-  "I'  tlif  i-l:iiiil.  .iiicl  a  ("  v  iif  llic  liirtrer  sut)>c<|uoiit 
vallf.vs,  Mii'li  :i-  ( 'i.\vii'ti:Mi  iiml   Allipriii  vnlli'.vs,  .in-  PiiltivMfed  U'  iiriv 

V'll'Ut     fXti'lit.       <i;irilcll     Vry.'liiMc.,     triMt       rliictly     licrrir-       ill"l    (Tl'liili 

lire  tlif  iiriiii-i|Ml   |ii'iiiliii-t-i. 

Ill   llie  iiiti'iinr  ami  uli.nn  iIm    wc-t   cuasl   llicri'   is  littlf  aurii'iil 
tiire.  iiiul  licit  iiiorc  tluui  li>  |ior  <'<-iit  nt  tlin  whole  kind  i<  -iiiliil'h'  l'"!' 
iMriiiiiijf    1  iii-|iii-i'«.       Tliis    prirtioii    oci'iir''    i-hiclly    iH    uniTow    '^triit- 
licirilcriiitr  iht>  rivers  iiiul  liil«'<   in  the  liroml.  ^'llU'iatOll  vnlli-V't.  ninl 
must  for  tlii>  Kri'iitiT  jinrt  ho  I'liiircil  <if  lienvy,  thirk  tiinhiT.     Occn 
■"ionnl  open  lucnilnw  hmiU  oi'imii',  -iich  iiii  Jordiiii  iiieadowsi. 

Willi  the  cxcciitinii  of  the  i-lpiind  hiiid.  virtually  the  entire 
-oiitlierii  part  of  Vainoiivor  i-himl  is  lieavily  fore-tod.  TIu'  prin- 
eipal  fort'st  trei's  are  T)oiiirhi-  lir.  <iihir.  heiidoek,  mid  spnn'e,  \\ilh 
lial-ani  aiul  pine.  The  furol.  in  place-,  is  of  litth-  value  for  tiiil'er 
on  aecoiiut  .fold  uiiidfalls,  -nou-li.les,  ami  forest  tin's;  Imt  a  larne 
part  of  •'  i-  of  pxeelleiit  ipialitv.  and  is  the  ehief  natural  asset  ot 
\'ani-ouver  i-hmd.  and  should,  llii'refnre.  lie  conserved  properly. 

Where  thi'  forc-t  i-  tliick  on  the  hinhi'r  land  the  unc|erhru-li  is 
not  \cry  ahundanl.  In  the  more  open  and  damper  areas,  however, 
the  underlirnsji  i-  extremely  thick,  and  is  a  crent  impediniont  to 
travel.  It  consists  of  deii-e  >hrnlis,  -ueh  a-  >idal.  >alinoii,  and  hiickel- 
herry.  and  \arieties  ,,f  maple  and  alder.  Tn  the  jioorly  drained, 
ulaciali'd  valleys,  hiirh.  hroaddealVd    fern-,  and  .levil'-  .duh  ahonnd. 


C.KXKK.M.  (iKOl.or.V. 

i;KNt:nM,  •-■|'\ti;mi,nt. 

l:e:iiiin:il.  N'aiieouver  i-laud  and  the  ueiphliourin^'  vegiou  form 
file  wf^tern  |i;;rt  of  llic  \>i-tern  ;;eo-yni-line  of  the  Canadian  portion 
of  the  Nnrlli  .\n:erican  eenlillera  a-  defined  hy  Dawson.'  The  strata 
.■onipri-iiifi  this  yeo-yncline  eoi'-ist  .d'  a  series  of  sediments  and  vol- 


'  Ci.  .M.  DawM.n.    CUHigraphicnl  H«ord  i,(  the  Ricky  Meuntaiu  Region 

in  Canada.  Hull.  Gwil.  S,h  .  Am..  Vol.  12,  1901.  i.p.  57-92.     Tlie  foUowimK 

di'siriptiou  i-  taken   lartjely   from   thi-   paper   and   iiartiinhi!    refereme   i- 
not   ijiven. 


-Ill  riii:ir.   \  Wi  ..i  v  i  u  i>i.\mi  .11 

I'iinii'  rock^.  with  >\  lliii-kiu--.  I'nii-.'ivntivi'lv  j'stiiiinlcil,  iil'  ■•!».iHii» 
led.  Till'  pri-< 'rttiii'oniK  nnk-  nrr  fur  tlic  yrc^iitcr  part  linivilv 
iiioimtuiii-Kiiill.  :iiiil  iiiviiili'cl  l.v  oniplive  rcnk-;  mid  in  piaic-i  nirk- 
a«  lato  »■*  MiiM'ciip  have  Ihm'ii  tiifhtly  folilod  and  rn<-taniiirpliip-i'd.' 
The  a-xes  of  lnMiii^  corrcHpnnd  in  m  iicuil  with  tin'  axe-  of  thr 
present  rimniitain  raiiK*"*.  which  througlioiit  this  rculun  iiri'  iiciirly 
parallel,  the  ^triko  liciiiR  nHrtliw<'>t-.-iinthen<l. 

At  tlio  l)B^o  of  thc^  folded  irco-vinliuc.  expn-cd  oidy  in  tiic  cciitrid 
or  eaxtt-rii  part  of  l!riti-h  ('.iluniliin,  i^  a  I'onipU'x  of  Kiiei^^e'*,  mica 
-chi>t>,  iiiarlilc>,  ami  (puirlzite^.  uitli  ifincous  iiitrn>iver',  the  Shu-- 
wup  series,  iinconfoririiiiil.v  ovcrhiiii  li>  tliu  Niscoidith  and  .Vdain- 
Lake  seric.'',  wiiich  con-i-t  of  inelainorphic  MHliinenliny  ami  volcanic 
idcks,  arfrillite-  and  mica  schi-ts,  and  chloritic  mid  feldspalhic 
-chistJ.  These  r(K'l;-  are  largely  of  prc-('nmlirian.  Cambrian,  nml 
Ordovician  aRc-.  luil  proh.ihly  contain  infolded  vunnucr  rocks.  TIk. 
above  fonnatioii'  arc  n\cri:iin  by  the  (ache  Creek  Ki"iip.  referable 
for  the  ftreator  part  to  the  Carbnnifernn-.  Tlie  Iiav(  r  -iibdivi-ioii 
of  the  Cache  Creel;  finuip  conNJst-  of  aryillite-',  I'herty  (pinrtzitcs, 
and  volcanic  rock>.  uiiii  -eriientiia'  -inil  infcrstratilii  d  limc-toni's. 
The  upper  divi-ion  consist-  almost  entirely  of  ma--i\o  linicstmies. 
with  (rci'a-ioiial  interealation.s  of  rocks  similar  to  tlio-c  of  iho  !  ■«.  r 
part.  Similar  rock-^  occur  in  tb(  Coast  region  and  on  \'mii'ouvcr 
island,  where  they  are  the  olde-t  expo-t  d  rock-,  mnl  orolinbl>  i  i  laru'e 
part  are  of  Carlioniferous  afre. 

1 'nconforniablc  upon  the  aboxe  lorniation-  are  ;i  f;reat  uroup  of 
basic  volcanic  rm-ks.  hir(j;el\  -ul. marine  llou-.  with  relatively  thin. 
intercalated  lime-iones  and  ar^illitc-.  In  the  central  plateau  region 
the  KTi"'!'  is  know)i  a>  the  Nicola  t.'r<'np,  but  in  the  Coast  rofiion  and 
on  Vancouver  and  Queen  Charlotte  i-lands  it  has  i)ein  called  b.\ 
Dawson,  the  Vancouver  uroup.  The  Vancouver  irrou])  is  very  thiel, 
and  widespread,  and  i-  apparently  the  predouiiuatiiii;-  -iirface  fornui- 
tion  of  the  Coa-t  re;;ion,  and  foru>  tho  yreat -r  part  of  Vancmiver 
i-land.  Tt  appears  on  Vancouver  i-land  to  be  hirply  Triassic  and 
-lurassic  in  a}ie. 

The  Vanco\iver  f.';r"i'l'.  ''"'I  '''■*'  older  rork-  a-  v\e'l.  \v<  re  i;reatly 
folded  and  faulted,  (irobably  in  upper  .hiras>i<-  time,  and  invaded  by 
granitic  rocks.     In  the  Coast  ranac  the  fjranitic  rock-,  largely  Ki"i>"fc 

'  O.  O.  Smith  anil  1'.  C.  Calkiti-.  Siiocpialnur  Folio  -No.  I;t9,  U.S 
iJfol.  Survey,  Ifm. 


't^4^. 


■ff 


:i-.' 


(.LOMNiltM     «l  HVK^  .   (•\NAIIA 


.lioritc*.  for...  vUtually  a  tinRle  ..o..ti.,u.-u.  lmtl.nhtl>  about  l..K)0 
nnIo«  i..  l«..Kth.  l.ut  .m  V«...-..uvor  i.l«r..l  tin-  trnnnti.-  r(.-k.  are 
.xpoged  in  rt-lHtivply  muuII.  irrogular  batJiolitlm. 

lT„confon..al.l,v  ..pon  a.,  oroded  -urfac.  of  the  graniti.  a.ul  ol.ler 
.ocka  o<c«r  upper  Meso/oi-  and  Ko.v,.e  ....li„.o.....  Tho  *edi.nent. 
..c.Ut  larKoly  of  .onRlo-.u-rute*.  san.l.tono*  a,.a  Hl,ale..  ^^t  •  <-oal  at 
certain  horizons.  The  oldoHt  aeilimots  occur  ..,.  Quoe.i  (  harlotte 
iMands,  and  are  U.wer  Cretac-ou.  or  Con.anoho  in  a#:o,  au.l  arc  equ.- 
valont  to  the  Sha.ta  of  (^alifor.,ia.  'l^.  the  south  the  ha»al  «ed.- 
■.>c..t9  are  pro^.'re*«iv..ly  younRer.  upper  Oetacoous  on  Vancouver 
ish....l  and  Knce,.e  in  ...uthcr..  British  ("..honhia  uud  Wa.h...Kton. 
II,,  thr.H.  .Mrcs.iv..  f,.nnati..us  or  .orie.  imvc  l.-vu  u..n  e.l.  the 
()uecn  i'lu.rlottc  i.h.nds,  the  ^'anHi.no.  and  the  I'uKet  fonuat.ong. 
tne  Nanain,o  l,ei..K  o.,uiv«lcnt  to  the  Chico  of  California  1he«e 
rocks  iiavo  all  i-ec.  fohlcd,  hut  whether  (h.ring  the  .an.c  or  different 
licriiHl,  of  f<d.linjf  is  not  <dear. 

lT„conforn,able  upon  the  Crotme.u.,  and  po.Mhly  the  Eocene 
se.lin,cnt.  a.  well,  are  se.lin.euts  and  voleanie.  of  younger  Tertiary, 
chiefly  Oligocene-Miocen..  age.  In  the  coa-st  region  they  are  he.t 
.1evelop..d  in  wester..  \V«shin.tton,  hut  they  als<.  occur  ...  sn.nl. 
basins  fringiug  the  southwest  coast  of  Vancouver  island. 

The  Tertiary  .trata  of  the  l'oa~t  region  have  been  npl.fted. 
ge,.tlv  folded,  but  rather  extensively  faulted.  In  the  interior. 
Miocene  strata  have  been  clo-se  iohled  and  invaded  by  gran.t.e  rocks. 
Extensive  vulca.iisn,  occurre.1  in  tho  Coast  regio.i  in  m.ddle  M.o- 
ccne  time  and  continued  into  the  I'leistoce.e.  Farther  south  .n 
Call'  ia.  and  farttxT  north  in  Canada  and  Ala-ka.  volcanic 
act^  .  laste<l  to  very  recent  ti.nes.  and  i.i  Ala-ka  and  the  Meutian 
M    .  .s  volcanoes  are  still  active. 

Deposits  of  Pleistocene  ape  are  very  extensive.  They  consist 
,.r  ..iMcial  till.  ai.>'  <.f  stratified  deposits  in  part  of  marinr  onu.u  but 
,  o.rsisting  largely  of  glacial  detritus.  Tho  Pleistocene  .leposits  have 
.•oeently  been  uplifted;  tl-  amount  of  uplift  in  the  vicinity  of  Van- 
couver inland  and  n.'-t;hbouring  coast  region  being  f.-.u  'MO  I  ■    1".. 

feet. 

Lora^.-Apparently  the  oldest  rocks  in  southern  Vancouver 
inland  are  a  series  of  what  were  originally  shales  and  shaly  sand- 
stones, composed  chiefly  of  >iuartz.  which  have  been  n.et.,n.orphose.l 
into  -latos  and  .piart^  -ehist^.     They  base  been  closely   folded  an.l 
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fiiiill'il.  mill  ail'  ii"«  ncurl.v  i-mliiinl,  with  -liup  ili|ii  rliiiMl.\  to  the 
iiiirtli.     I'liey  iiiulfrlic  n  liroml  l>«»li,  linvinir  nn  cii-i-west  rttrikc.  wliicli 

liiiirl.v  ilii^'.cs  till'  loliilirl.  rill  •(•rii  -  liil«  Ikhm  I'iilli'il.  Ir.ilil  ii~ 
oiriMini'iii'i'  1)11  l.iiM-li  river,  the  [/iin'h  Kivi  r  fnruiatiuii.  Tin  Lrpcli 
KJM'r  trirniiilinti  i»  ■■nrri'latcil  «illi  tin-  Iuwit  piirt  of  tlu>  Ciu'lic  Creek 
ifroiip,  anil  i-  coii-iilcri'il.  liMrolnri',  to  tii'  ( 'iirlinnilcrnu-  in  ajri'. 

Till'  lurgir  part  nl'  tlw  i-rvslailine  rocks  ut  ^ouihcrn  Vamn  ivor 
i-lainl  lii'liiiiif  to  tiic  \'iiiii'ciiiMr  Krniip.  wliii'h  uinliraif-  ii»l\>  ol 
Tria'*-!!-  iiini  .liira''-<i<;  aKf-*.  Tlicv  con-i^t  cliii'tlv  of  inotinnoriilio'^i'il 
lia-ii'  volcniiic  roi'ks  priiicipnilv  niotaiiinit -itc^,  with  both  llou  ami 
friiyiMi'lital  l.vp<>-4,  tlio  riow  t.vpc-  prL'iloiiiiiiutiiiK.  ThiTi'  i-  aUo  a 
-I'rii'^    of    liasiiifii'    t!ow<.    with    iiitrii«ivr    i|iaha-C'.    mulorlviiin    tho 

-Miitheniiiiint   pari  of   Viii nvor  iilaiul.  wliicli  liuve  liwii  callirj  the 

Mitrh(v-iii  volcaiiif".  Since  tlie  Metchosin  voh'uiiicn  liitfer  lithn- 
lojricall.v  from  the  l.vpicul  volcanic  rocks  of  thv  Vuticouvpr  Rrmip. 
anil  aru  le^s  n:ftuiiiorpho)<<>i),  they  cuiiiiot  he  ijctinitely  correlated  with 
the  Vaiicoiuer  xroiip.  With  ihu  exception  of  a  rather  limited  series 
of  rock-,  partly  of  sedinientarx  origin,  the  Vancunver  voleaiiics  ure 
exceptionally  free  from  seilimeiitury  roek*  other  than  lime^^tone.  The 
liiiiestone  ii«nnlly  (Weiirs  in  relatively  small  interealated  lenses,  which 
have  l.ren  called  the  Sutton  fwriration.  In  the  southwestern  part 
nl  ill.-  I-I;itiil  liinestiiiic^  apparently  foriii  a  thick  hori/ini.  witliont 
any  voleanie  men  liera.  and  have  been  ealled  the  Xitiimt  formntioii. 
Till'  linie-toiies  have  Itceii  eoiiverteil  into  inarhlcs.  and  in  many 
instance-.  esp«>cia]ly  in  the  N'itiiiat  formation,  have  heoii  inetamor- 
plioscd  hy  intrusive  jrrariitie  rocks  into  roek-  ooii-^istiiiff  chiefly  of 
Lariict  and  diopsidc.  locally  called  "  garnetit<»,'  or  into  rocks  consist- 
liiir  lit  hiirnhlende  and  feld-par,  known  as  an.phibolite.  The  other 
-odimentary  rocks,  spoken  of  as  oxeeptionnl  in  the  \'anconver  Rronp 
iif  -outliern  N'ani'oviver  island,  consist  of  stratitiid  slaty  and  iherly 
ii.iks,  i-oiiipi»ed  partly  nf  voleniiic  material  and  intcratratitied  with 
lolcaiiic  ilovvs.  chiefly  andesites.  These  rocks  have  been  preatly 
liielaii  I'Vpliii-ed  and  eimvertcd  intu  schists  !>y  iiitru~i»c  aicid.  ipiart/- 
feldspar  porphyrite,  and  basic,  ftabbro-diorite  porphyrite,  and  both 
the  greatly  nietamori)hosiHl  rocks  and  intrusive  porpliyritrs  have  been 
5      grouped  and  mapped  together,  and  called  the  Sickev  series. 

-a  The   entire    Vancouver    jrroup   has   been    greatly    deformed,    the 

"      axes   of  defonnation   cnrrespondinj;  roughly   with    the  trend  of  the 

Js      !M-esent  island,  that  is  in  the  sonthern  part,  about  X  •>.".'  \V.    (iranitie 
{tS71-  -.". 
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iMcli-     u,  !■.     iiiini.l..|    .1    rii r    Ml'lPf    .li'r.'i-iiiiilioii.    p.  n.-trnliii;;     fur 

ini..  ilic  nMrlviii-  r<yU'  nU.uu  i""  hi  lin  iim>.  ii  .c.iitliprii  iiml  ii 
ii..i!lii'rii.  -.  |,niii!.'.!  I.\  II  U-  iirtM  in  'In-  .•■'iitrnl  part  I'  tlic  i*lini'l 
III   vvliirli    iVw   uriiiiiti.    r...-k-  ixvnr       I  lu'  jtrntiiii.'  r.     .-  tin'  -liiprtv 

II  hii«i''  LTiiiiitc  .r  (fMii.Hlioriti'   v.uli   iiiiiruiiinl   Iiht-   "f  <liiirit.<,  iin<l 

III  ill,.     -,.lllll\vr-t.  I'M     lla.l      -LUth.-.l-trl-ll      \<.r     ■    "<     'lu'     i-lnnil     liirtf 

l.nilii.H  of  .lioriti'  .  ii.l  iliorit.'  uii'-i*-  '"■'•"r.  Ml  i.f  tho  jfriinitp-  rook- 
-.1111  In  luui'  I'll  II  iriipt'^1  liuriny  lli«>  «niiii'  pi  urn  I  prrio.l  of  iiitni- 
-i,,i,.  Iiiit  tlu'  time  tiiiiiii  fM'o-'  " ''t  fnipl.-l  in  ii  .U-Hiiito  icniieii'"-. 
;i|.l.iirrtilly  II-  folio  Will,,  .lioritc  niol  .imirtz  .liorit.    irnoi^ix,  Hi  .ilr 

.Ii.  Ill,,  1111,1  N.i.iiiioli  (iri>iio(!l..r  -  iipl  ipmrt/  ijioriri'  I'.ro-idii  lirn* 
.  \  ..  -cd  ||..  uraiiiti,'  r...k-.  iili.i  to  ,lii\    tlirv  or.iir  in   nhil  ivcly   -iiniU 

iii.i--'*,'.'   (.!•   otithiilitli-.   p'IIi'ImIIv   V  itli   ,111    irr.'Cnlii      .ni'l   .loiiL'iit il- 

1,11, •  ,-..rr,-|H  luliiitf  ill  Ti  .1  uilh  >'■<■  -M"  '■<  fol-liiiC.  "Iii'-1>  '"'C  vorv 
mini. Tons,  pspr.Miillv  nlon,:  tlii'  t>vo  iix.-«  iiiciitiotif<l  pre.  iou-ly.  A"^"- 
.•inioil  V  itli  till  uninitu'  rock  c-in'.  iiilh  iniir  tlu<ir  .  oiili\<'tn.  iiri- 
iiTfU'iiliir  1111.1  .l.vk.-iili.'  ni:i  -i-.  -oinctim.-   intrii   Ivf   into  ttu-  (irnno 

.li.rit,.  ,,f  ;;!i  ii.-i.l.  ,|iirtrt/    >'M-iiiir.  .ir  pra lionto  porpliy  ,tp :    nn.l 

.lyl;c.  of  ;i  iiioro  liasi.'.  iiii(ie«ilo  p..rpli.\  rift>.  The  Br.iii<i<iiorit  •  por 
plivriit-  :ipp«'ar  '■  1»'  ivlnt.'.!  t..  iho  .i'i;,rt/f.'l.|-piir  p..rp!iM-it'>»  of 
ih..  Si.'krr  serii's.  iiii.l  it  i"  JiroliaMe  tliat  tin  :iililiro-<lioriti>  porpli\ 
ritp-i  of  til.'  Sii'i'v  -orii'-  wiri'  criipti.l  .liiriii;-  this  sniii.'  'j'tiiTiit 
|K  immI  ,1  iiitni-iiiii.  Aloi';;  llio  f.'uthrrn  .•on-t.  intruMVo  int..  tin" 
M,.|,-|,,,>1m  ^,>l.■:llli.-.  :nv  -nnlll  ho.li.'-  ..r  -t.ioks  of  p-iihliio.  wili.'li  I  ■■ 
ixM'ii  ..ill..:  th.'  Sool,.  L'lihhr.).  whi.'l:  nniv  hiivo  lio.-n  oriipte.1  .luring 
the  k<''i''I':m  pi'ri,..l  of  t-i-aiiitii-  iiitni-ioii.  Iho  ..'aliliro  «tock-  raiiRo 
from  a  \.ry  |.:i-i.'  t'al.l.ro  t..  nii  alkalin.  i:.il.l'ro,  nn.l  cvon  to  :•  Inic 
anorth.-il(>,  ooi.,iiom-(1  alnio^i  .'iitirrly  of  a  hasic  fcl.lspnr.  Tin  'l;n- 
lin.'  tvp's  ill-.,  .-..iitiiie.!  to  \or\  small  i.i.i— .•■'  an.!  vimmh.  iiit  ivi' 
into  ilif^  iioriTial  jrahhr.i. 

li.,    .iif..nii,il.l..    up  .11    an    ,r..-i.iii    -ur'a.,'    ■•(   all    tlio    al...v,'    iiii'ii 

tl  ,||,;!   1 1;-,  uiih  the  p.'s-ilil.'  ,  .\.-,i.ti,.n  ..f  t!;..   Motclio-in  \..'.-aiii.- 

:ii,.|  S....I;,.  L'aUhro,  i-  a  t;T.'at  s.-i-i.-  ..f  -.>.linicnts.  .-liii'lly  .■oiit.'lonio- 
rat,.-.  -iin.Ktoii.'s.  ,  n.l  -lial.'s.  w^th  -oui.  .-•■al  ii.'ar  tlw  bas.>,  wlii.'li 
;ir..  l;ir'-:vly  ••(  iip)"  r  I 'i.  Ia.-....ii-  a;;.-,  hut  may  I.,  in  part  lowoiiiK.-t 
r.rtiar>  i  Ko.'.'iio  '  ai-'o.  Th  '  iip|>.r  ( 'ntai't  "U-  portion  !ia~  I  .  on  i-alli'.! 
ik,.  Xaiiaiiii  ^  f..iit;.!t;.in.  'I'lii'  Xuniiiino  formation  has  not  lioni  ilis- 
tii,.^iii-li.-.|  ill  niai.tilny  fr.iii;  lli.'  .•onf..rnuihly  ovprlvinjr.  po.-sihly 
|.:,.i'oni-   -,.ilini.M>ts.   an  I    al-o   from    ■-    lith..!o.^i,'nl!y    -imihir   formation 
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lli^lt     Illll'llhtnrniillil.V      UIJlltM'llO     It  All     till'    ill'o\<       -.  llilluMII-    llll\C    l>l'fll 

;jriii|ici|  iMiii-lliir  iiiicj  iiui|i|Mil  ii-  ijii'  <  .ri\  l.'li.oi  ;;!■■  i|i,  l.iif  (In-  urmip 
1-   iliii  llv    1  Miii|ni.('.|  i.|'  till     .Villi. iiiiiM   |.  ;  iii.if  i'iii. 

A I   -..iiH    I  iiii-  I'.'lli.u  iiiy  tiiii  i'!ii-i'  cit'  ll'>-  ( 'ii'lii  1  iiu-  till'  ( 'iiu  !•  Ii.iu 
uri.u|)    >.  li-    (|i>tiiriiii-.l.    ill    jiciii  ml    iiiii.    lir"ii'l    i|m  ii    I'nM-    nl     jiuL'i' 

lAli'Ut.  I. Ill  ill  |r|;, ri  -  I  lll-l>  )'■  lill'ij,  liMTf  llllli'il  til  tllf  ■'fllllllW<"'t,  illlil 
l.rMkcll  li<  M\rflliril-I  t';'  lit-.  I  li  |.rl-lM.|  ..|  >  Ir  liirill.l  t  ii '11  lllililltril 
,1  Innu  |:i-ri.iit  .If  r.vrlc  III  il-i'-liill  in  lilliniv  liliir.  •  llii  ll  WnfP  ilciw  ! 
.ill  iln  Illlil  !•  nirl,-  til  II  ufiiillv  iliiluiij  -iirl'iu-f.  mill  luriii  ;  tin- 
-iiiiii-  L'tilii  r.il  |ii  rlii'l.  -I  ilii..('iit-  uiTi'  i1p|iii!-iIi'iI  imiI.  r  iiiii'iiii'  rfiiiili 
limi-  liliilii;  llii-  -iiiilli,  I  I  i-i>ii-t,  liiiililiiir  up  ii  i-iin-t.il  pliiiti  'I'lii- 
•  iiii-liil  |il,iiii  ili'|ii)-il-  •liii'llv  i-iiiii.'liiiiii  iiiti'S  mill  -iiiiiUtolii"4.  wci'i' 
ii|i|il'|i  i|  Willi  M'lv  lilili-  '..Mill).'.  .illli..ii'.jli  willi  iiilnr  >'\tt'ii-i\i- 
iiii'iiir  liiiilt  iiii.'.  iiiiij  Iiihi  lii'iMi  MT'.  L'li'ii'U  iTiiilril.  iiiiil  ii'W  tVirii. 
111'.,     luirniu     liil-.'ll-     Irllr.  in;'     till-     -i..illmi-l      ini-l,     lIu'     Sooki'     ilinl 

I '.iiiii.itiiili  I'lirtiiiil  lull-.  'I'lic  L'TPull.N  -iili|iiii|  I'lM-iiiii  -iirfacp  wii- 
iit-ii  iiplil'tiil  mill  -iili-iM|,;.i|it'  Kriiitl'  III'  iiiiii'iM  I  ■  ili-*.'<'ti'il,  :iiiil 
iii.w   fiiriii^   till'  iiliitt'iii  liki'  1 itrv,  i-lviiMrli  ri-tii-  nl'  llii    'ni-ji  r  ikii 

III     -iilltlllTIl     \',iliri   .IVi  r    i-l     l|.|. 

Ill     i'iii^tiiiTlli      tillli'-     \'illlr..||l  ir     i>!miii     VMl-    r.iMirfij    I.V  lirk 

lip.  mill    liirtii'  i-'liiiM'i'-.   Ii'l   li.\    \.illi\    uliirii-r-    Irntii   the   ii'r   I'ap- 

I  I  \'iiiii-iiincr  i-lmii|  iiiiil  iln'  iiitiiiilauil.  tillril  tin-  -'riiil-  of  <lior!7iii 
mil  .liuiii  i|,  I'mu.  (»ii  t!ii'  ii'ticit  ,i|'  tli,.  j;lii''i<'i'-  ii<'  Jii.ir.iiliiil 
ili|ii-.l-  '.riT  uriii'l.\  '  iiimlii  I  i'.'  IP'  i\iii  triiii~|iiii'ti  I  .^ii-ii|ii  'ill 
ili-imn-i'-  iinil  riiiU-pn-iicil  in  |i;irt  liy  iiiiiriiii-  iiiiiiiiii-,  for  ai  thiit 
t'liiii  tllf  IiiihI  -Iiiiiil'  -iiiur  L'.iii  foet  limor  villi  I'l  -pi  i-t  I  I  tlic  iircmi 
liimi  ii  .Jul-  111  pri-riii  :  mill  the  uplift  \\  lii'-li  lii-oua-lit  ili-  lunritii- 
I'lpi-tocpiio  i)ppii-it-.  m.il   tlir  vi-j     ll    ill  tfiti  i-:il.  Ill  ilip  pri'-i  lit   pi.-i 

liiiTi,    \Mi-    iif   i-i.tii|i:irilt  iv  1   :\     rri-i-||t    il.i    ■■. 


iii->i'i;ii'Ti<   ■    III'   I  (ii;\:.\  I  [ii\s. 

I  M  I  li!     I  l;    I  iillM  M  |i.\ 


.\    liil'    lit'    -Inly    :,!ii!    -i'lil-tii-|i    1 k-.    pr  iiiiiily     Mil'     ulilti-i      ii, 

-iiiillii-rii  \'mii'i>iivi'i-  :-l  i.il.  I'Mi'inl-  triiii  ( ii'M-M'i  .in ,  river  to  ilio 
>»|-t  foii^t.  mil!  lui-  l,p--ti  I'iillpi!  tic  1.1  nil  RiM  r  !' .niiatioli.  A>^  t1,W 
'■'riiiMtliiii  11  itiiiii-  til.  ipiiirt/  M'iii-  I'rnii:  wliii-li  tIh-  pl;ii-pr  ttiiM  iif 
liii    T^ipi'li  rill  r  -iMi-  .!i  ri\iil,  it  l::i-  In  in  kim-iMi  I'nr  n  intii;  fiiiif.     The 
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ro.k.  w..ro  -•alle.l  tl,o  Loch  lliver  slutos  by  the  .aiaors  in  the  late 
.ixtl,.-  an,l  ux.,..  ,l,...ril»4  hv  Daws -u'  in  1^7.;,  wlw,  ref-r-  .n  ,hy.M 
:,  ■  „  ,l,-,iu.t  f„vnu,n„„  ..,.  .ori...  Tho  western  ,.nn  of  .h-  f.  ,>,..,,..., 
ha.  been  .■alU.l  the  Por.  Renfrew  shales  in  a  somewhat  popuh-v 
article  bv  Hall/  As  tlie  r<.ek-  torn,  a  eo.itinuous  belt,  ati'l  are 
;.learlv  of  one  formation,  or  at  lea-t  of  one  series,  whieh  .'anno^,  at 
pres..ut  bo  sub.livi,le.l.  the  ohler  uanc  has  l«en  n'tauieel. 

l)l.lnhH.fion.-^J]u'    U'crh    Uiver   formation   forms   a   broad  bell 
of  roeks  whieh  exten-U  fro,,,  Lan«for,l  lako  in  tho  Oobl-trean.  .l.s. 

,Vio,    ,n    ,he    we.t In    the    vi.-inity     of    Po,-t    ^""   'l;'"';-/''" 

eas,ernn,o>t  exposures  are  seen  in  the  valley  nn,l  be.l  of  Coblstream 
river,  near  the  shar,,  l,on,l,  a  n.ile  and  a  half  fro„,  it.  .nonth. 
VlthouKh  the  roek-  n  ay  ..outinue  farther  eaM  and  there  urderho  a 

part  of  the  Colw 1  plain,  where  the  snrfaee  is  drift  eovere.l,  there 

are  no  onterop-.  Tl,e  formation  exten.ls  we-,  in  a  unlen.n,'  z,,ne. 
so  that  at  the  North  fork  of  l.e..-h  river  it  is  about  three  nnles  wide. 
Th,.  nu.xinUH,,  width,  about  ei.ht  n.ile..  is  attained  >n  tl,e  v.em.ty 
„,  .Ionian  river.  The  ea-ternn.osl  out.Tops  om  ti,e  .ve-t  ..oast  oeeur 
„„a,.  the  nnn,th  of  Sond.rio  river.  The  /one  i^  !.e,v  about  tue  uales 
,,ia,,  siuee  it  reaehes  north  to  San  Juan  river.  The  uestornn.o.. 
,.s,-o-nr..  on  ,1,.  .-oa-t  oeeur  a  nnle  and  a  half  we.t  oi  1  o,-,  .  an 
.1,„„  The  fonuation  probably  extends  farther  west,  but  ..  not 
.^ain  exposed  alon.  the  .bore,  bein^  eovered  by  tl,e  sandstones  and 
,.„nplon.erates  of  the  ('ar.Man,ih  fornuition. 

The  formation  is  well  exposed  ahm-  tlu  deep  eanons  out  into 
,1,.,  -latv  an.l  sehi<tose  roek-  by  the  rivers  and  ereeks  that  traverse 
„,.,  ,„,,;  1,  i,  ,dso  ..x,.epll"-'^'ll>  well  exposed  on  the  .hores  ot  I  oH 
Snn  .Tuan.  and  ab.n^  the  west  eoa-t.  The  inter-trean,  areas,  al- 
„,„„„.U  hi^h.  are  relativ,.lv  Hat.  .Irift  eovered.  and  often  marshy. 
.irirwide  -tretehes  of  n,ea.low   la,.d.   and   therefore   there   are  eon,- 

luiratively  few  outerop'.  .      ,      • 

The  southern  boundarv  ha-  been  fairly  well  determined,  s.nee 
i,  follows  the  lar.-e  subsequent  valley,  called  Leeeh  River  valley. 
tWiued  near  the  fault  <-ontae.  separntinfr  the  Metel.osin  volean.es 
.,„d  the  Leeeh  River  forneation.  Tn  the  eastern  part,  the  northern 
boundary  has  been  rather  indetinitely  loeated.  but  west  ot  Jordan 
■O.  M.  Daw-on.    G«ol.  Survey  of  Canada,     li.port  of  Pro«re«s,  1876-77. 

'"'•  ^V%    Hall       S ^  R.-olo.n  ,.1  Latuies  .  f  ,1,..  M'"""-;';",  Soasulo  .St  . 

urn,.    P.^telsin     Vear    BcS,k   <!f    -he    Min„os„ta   Seaside   Stata.n.   1906.    „]. 
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iiiciiilows  it  is  iimrkcd  by  th.'  valley  »(  Siiii  Juan  riviT  ami  its  eaot- 
wiiril  extoiwiiiii,  Xfoaiinw  iTtelc. 

I.ilholuiiiciil  Chariivli'i^.  'i  lie  loriuatioii  cun-i-t-  >■(  urgilhi'jcous 
:in.|  arfiiaci-(j|-,>  sc(iiii:(iitary  rocks  (lynaiiio-imtaiii.ir|ilin»pd  into 
~laIo>     ami     quartz     si-iiists.      Although    a-    a    wlioL'    tin;    formation 

,■".-   a    I'uil.inn    lillioin;;i.Ml    ■•liarac-i.T.   yn.    in    .li-iail.    ilio    Imli- 

viilual    UimU    ilitrcr   coii-iclrrahis .    ospei'ially    a-    regar.l-    texture    ami 

iliiii-    |"''.':r^    oi'    ro-i-t ■(•    |i.     •..rra-.i.'ii.       i'iil-     •liiVciriiiT     i~     u.il 

~li..',Hi  aloMf:  the  <-r>'"-k-  wliich  cut  aero--  lliu  ^t^ikl•  of  the  foriuatinu. 
the  lianl  quartzrisc  hfiU  ^it'tcu  rornuiii;  \prtieal  walls  over  wliicli  the 
wat.  r  -pill:-  \u\"  liei'p  pool-,  worn  out  of  the  woakiT  ^latl■s  ami 
-i-hl-i-.  A  well  known  fall  of  tlii-  charaolcr,  called  Devil's  Oriii. 
,,cci;r<  on  the  N'ortli  fork  of  l.eecli  rivir.  The  arrangement  of  the 
-tr.iia  in  alternalnur  hanl  and  -oft  h.-d-  is  al-o  well  ^hown  aloufr  the 
-koic-  ,of  I'^rt  San  .luan.  llio  !<•--  re-i-lani  i.id-  liaviuf;'  iicrn  W'.n 
out  t>y  the  waves  into  little  covi-  and  chasm-.  As  a  rule  the  alt<'rii,i- 
lion  of  hcds  of  varsiuii-  characters  i-  rapid. 

riii>   mo-t    conuuon    rock    lyp.'    i-    a   lilack.   -chistose   slate.     'I'lic 
-lal'-  owe  their  dark  colour  to  the   prc-cnoe  id'  n;agnctite  and  Rra- 

i.lii;   .     Sou f  the  -lati-  ar.-  m.  carlionaccous,  hlack.  an<l  luslrou-. 

as  io  rc^eiulde  a  graphitic  <oal.  Tla-  slates  are  a-^  a  rule  quartzo-.' 
and  pa.—  into  trreywa'-ki-  and  ipiart/  sehlsf-.  The  uTcywaekc-  arc 
-rev.  comiiaet  to  fine  firaincd.  ([uarUose  rocks,  passim;'  into  sehis- 
tn-c  varieties.  The  -chi-to-e  varieties  are  u-ually  li'.iiil  coLurcd,. 
irrciiiish  or  fi'ri'y,  tine  iiraiued  rocks,  frecpieutly  w oathcriiiL'  l.rown 
■  n  e\poM'd  -uiiace-.  t'ertiin  type-,  -uch  a-  occur  "ii  Moon'  \  ah  n- 
tine  xiuth  of  Jordan  meadov-  arc  Mack  and  coarser  arrained,  and 
contain  hiotili'  and  nuifrnetite. 


t/o /I'MM/i/c.  -The  e-scnlial  cou-tilucnl-  of  the  ^ireywaekc-  and 
ipiiirl/,  -ehists  art!  seen  mlcro-copi,-ally  to  lie  quartz  and  a  litfht- 
lu-owu  \ariety  of  hiotite.  The  ,,\uirt/.  occurs  in  tine  to  coarse  i;rain-. 
irref;ular  in  shape,  and  with  inlerlockinn'  houndarie-,  and  is  frae- 
inred  and  clistorted.  The  accessory  minerals  which  have  keen  noted 
lire  uiii^c.ivite.  cyanite.  alhitc.  cahite.  and  n  affnetiti\  Musi'ovite  or 
-ericii'  in  many  eases  is  an  e--i'ntial  con-titueut.  the  rock  passing;' 
iuio  a  quartz-serieite  schi-t.  In  the  .lark  cohuircd.  i-..arser  pTaine<l 
-•hi-!-,  ^iieh  ,1-  ociiii-  on  M.uiul  N'alenline.  l.i.uile  and  n'aticetite 
fiirni   .1   large  poi-centai!-c  of   the   ioc-k. 
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More  viiroly.  t,vi«s  siioli  a^  .lunrtz-t'eldspar.  or  feld^pai-olilorlt.- 
>^cliists  oiTiir,  wliojo  scdiiiHMitnry  oripiu  is  not  nUvays  oertnin. 
S<hi-t.M  of  tlio-^  fvppr-  lire  iisiinll.v  urooii  in  colour,  l.ut  are  ntlierwi^<- 
similar  in  apin  nii.iK'c  to  the  in.  re  comiiion  types.  On  microscopic- 
examination  tliey  are  seen  to  .ontain  a  larpe  pcreentngo  of  pluRi" 
claso.  prol.ably  alLitc-oligoclase.  an.l  .|iiartz.  Soeon.hiry  miiu-v  il- 
sucli  as  -cri-ito.  rlilorito,  epidoic  ami  actio. >litc  are  usually  al.uii- 
ilant.  The  ncocssoriis  arc  chiefly  l.iotite  ami  niannetite.  The  lavji' 
I)ercellta^'e  of  feldspar  sujiirests  that  s..me  of  the  schists  may  he  of 
volcani<r  oriftin.  presumably  tufaccou:^.  ..r  they  n:ay  have  befu  -edi- 
mentary  feldspathic  rocks. 

Metamuiphlsiii.—'YW  dynamo-inetnmorphism  of  the  formation 
has  boon  intcn-e.  the  schistosp  texture  of  the  rocks  beinj;  very  pro- 
nounced, and  thi.  weaker  rcn-ks  are  in  ^olr.e  instances  minutely  con- 
torted. Veins  and  lenses  of  quartz  are  exceedingly  numerous,  and 
are  usually  umre  or  less  parallel  to  the  planes  of  schi-^tosity  or 
oleavapo.  These  (puirtz  veins  are  pold-bearinp.  although  very  h).v 
grade,  and  the  gold  found  in  the  gravels  of  the  rivers  an<l  creeks 
ix-curring  iu  the  sbui.  l)olt  ha~  .huditless  been  derivcl  from  them. 

.<//•»'/(/)•((/  Uelalioiis.-  hiltiiiitl.-  The  rocks  of  the  I<cech  Hi\cr 
formation  hav.'  been  closely  fohled.  sf.  that  the  strikes  are  nciirly 
parallel,  and  the  dips  chieliy  to  the  .  'tli.  the  angles  of  dip  l.iug 
high.  On  account  of  the  close  folding  and  the  general  similarity 
of  the  formation  throughout  its  entire  thickne-^s,  the  exact   deter- 

iniiuiti, f  tl.'  s(fn,t>iro  is  practically  impossible.     There  can  l>e 

hardly  any  donbt.  however,  that  the  .\l.ulc  I'ormalion  has  been  folded 
so  that  tlic  .-trata  arc  repeate.l  a<-ross  the  belt  at  right  angles  t..  the 
-trike.  Kvidence  of  one  such  fol.l  i-  to  be  found  on  the  divile- 
between  .fordan  river  and  San  .luau  and  Kokasilnh  rivers,  where 
there  is  an  inf.dd  of  nieta-vol.-anic  rocks,  with  slates  and  «chi>t-:  on 
both  sidt.'s. 

The  general  strike  .it  tlie  fornuition  follows  the  diriM'tion  of  the 
-outhern  contact  very  closely.  In  the  eastern  part  of  the  belt,  in  the 
viciniiy  of  Coldstn-am  and  Leech  rivers,  the  i;eiieral  strike  is  nb..ut 
\  r,.1^  W,  the  angle  of  .lip  averaging  about  sO<=  N.  Tn  the  vicinity 
.if  .Tordan  mea-low-  the  strike  is  about  N  75'  W,  atid  the  .li|.-  are 
-t.H-p  I.,  the  north,  the  average  beim.'  about  7.5".  Tn  the  weMcni  part 
of    tiie    belt,    ill    th.'    Ucnfrew    ,li~tri.'t.    the    g.ucral    -trike    i-    :ib"'it 
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S  MO"^   W.  Rnil  till'  ilip  c'liii'fly  tn  tlic  iiditli,  Imt  ilip  miu^lo  I'f  ilin  is 
less  steep,  averii(jrin>r  iilio\it,  50". 

In  detnil  llie  «trikp-  nixl  cliiis  viir\  i'rin-iilpr:ililv.  In  llic  noiu:).- 
boiirlioofl  of  the  I.ei'cli  river  tho  strikes  riinp'  t'r.im  X  :!<»'  W  to 
X  Sfl°  W,  uliile  ill  tii^-  Uiiifrew  di-triet  tliey  rnnsre  Iruni  X  ho'  W 
to  S  40'  W.  The  <li|is  have  siinihir  varintioii.  «hii-li  i?  ^niretime^ 
(freiiter  011  aecoiint  nt'  local  eruMJplin^^  'I'lu'  true  dip  nf  the  InriiiM- 
tion  is  often  obniirLMl  liy  the  ereep  of  tiie  slate-,  which  is  very  ••renl. 
and  ill  some  cases  >.'ivfs  n  fals<'  dip  in  a  reversed  <lirection  tn  tin- 
true  dip. 

Sheareil  and  slickcnsided  rock-  arc  \(ry  conmion.  and  niaiiv 
siiiull  faults  occur.  Larffer  fault-  are  prohahty  also  present.  althou;;h 
with  the  exception  of  the  boundary  faults.  iii)iie  hnv<'  hceii  located. 
They  would  no'  he  readily  reei.>;ni/ed,  however,  if  present,  uor  could 
their  displacement  he  ileterii:ineil.  on  accoun!  nt  tlic  iiiiiloini  litlio 
logical  eharaeter  of  the  strata  and  the  ahson<'(!  of  horizon  markers. 

On  aeeoimt  of  the  eoniple.xity  of  tlie  structure,  whicli  ha-  not 
hceii  worked  out.  any  e-tiniate  made  at  pres(Mit  of  the  tliii-kucss  of 
the  formation  must  he  very  nnreliahle.  The  formation  has  a  niaxi- 
imiiii  f.xiiosed  width  of  al.ont  ;5,"..00(1  feet;  a  thickness  ,,f  .-,.rMiO  foot 
is,  therefore,  prohaldv  an   under  estimate. 

H  rlrriitil. —  Hihiliou  lo  )'iiii  iiiji  r  Fiirninl  inns.  j'he  I.ceeh  Kiver 
lorniation  is  prohahly  the  ohle-t  formation  of  southern  Vaneoiiver 
islan<l.  With  the  exi'e)ition  of  the  frajrmental  vol(>anic  rock-,  which 
ic<'ur  to  the  north  of  the  Leech  IJivcr  forinntion  in  the  easlmi  part 
of  the  area,  and  tile  Xitinal  iime-loiics.  the  coiitimior-  formations 
■  ire  clearly  .Noutijrer.  In  the  ca^-e-  of  hotli  of  tlie  (  Nceptioiis  it  also 
-eems  hest  to  consider  thou;  as  heioiijriiitr  te  younger  proup-.  hut 
iheir  relations  with  the  Leech  Hiver  formation  are  not  (dear. 

To  the  <a-i    of  .Ionian   meadow-   the   iiortlieni   Kiiundary   .4'   the 

I. h   Ui\er  formation   is  a   rather       detinite  coiila<'t    w  itii   -chistosc 

.11:  I    fragment. il    iiieta-volcanic    V'  ■■(    the    \'aii \ei-    v.dcaiiic-. 

i'i  •  nature  of  the  contact  is  no;  unwii.  hm  in  the  Co.ld-treain 
valley,  where  hoth  the  slates  ami  fi'iLrmontal  volcaiiics  are  well 
exposed,  no  large  fault  or  iincoiiformity  was  ol.-.rve,!.  Kai-lhcr  west 
the  ii:eta-volcanii'  r  .<ks  form  a  relatively  iiarnnv  heh  soimvatinpr  the 
-lates  and  schists  from  foliated  )dntonic  rocks  which  are  intru-i\e 
iiit^i  tile  ineta-v  leaniivi.  Imt.  which  d..  not.  in  tliis  !,  e.dity.  mt  typi- 
'•:il  TiCeeh  Ei\cr  rocks. 
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In  tlie  viciiiit.v  ,,f  .lonliiu  ima-lows  tlio  sh.U-  ;.iv.  us  inenlioni-l. 
apimivntlv  iut.'rIul.l.Ml  with  (ireen,  si'histOM'.  iueth-v„leani.s,  Minilar 
t,,  \ho<.'  xvhi.'h  o<-<Mir  to  the  fa-t,  Tlir  ure.'ii  vnl.;ini.-  -lii-t-  ..,vur 
oil  the  aividas  which  separate  th..  iiea.hvat..r.  of  the  Jor.ta.i  n.i.l 
Leech  rivers  fr-ii.  tho^^e  of  tho  San  Juan  un.l  Knkivsihih  livc-r?. 
Tyi.i.->al  Leech  Uivcr  shUe.  oc-ur  in  the  creek-  to  the  north  un.l 
,outh  of  thf  (liviiU-.  The  nnlnre  of  the  oontact.  whiLh  i<  nm  ex- 
|,„.e.l,  is  uncertain,  hut  thm.  i-  no  ^ipparent  fault  or  un.'onfonnitv. 
Farther  to  the  we-t.  near  l-.l"-  <-revi.-e.  hohl  le.l^e-  of  volcano- 
roek=.  heloUKiiin  to  the  Vancouver  Rroup.  ri-c  ahruptly  on  the  north 
.i.lo  of  the  wide  east-we<t  vallev  of  the  Sau  .luan  river  an.l  Meadow 
.■reek.    In  the  valley  or.nir  the  I.ee,.h  Uiv.r  slate-.     The  .  ontaet  with 

thr  Vancouver  voh-ani.-,  wlii-h   is  not  e.voo,o.l. ur-  on   tlie  north 

-Inpc  from  ;i(Ht  1,1  l.(MMi  f.ct  al'ov<'  the  strean:  hed-.  The  contact  i- 
-traight.  with  a  trc.ul  of  S  s.V  W.  and  follow,  thr  San  .luan  valley 
w..-lwanl  to  I'ort  San  Juan.  !m  iho  vicinity  nf  1'- rt  San  .lu;n,  !!,.■ 
vo,'k-  ocourriufr  to  the  north  ar.^  the  Sitinat  liM.e<t.mc-  and  plntonic 
rocks:  the  Leeeli  lliver  f..rn.:iiion.  tlierefore.  with  its  cast-we-t 
-trike.  hevel-  acr,.s-  the  Van.-onver  voh'anics  :,nd  the  api.arently 
,..,„r,,nnal.le  Nitiiuit  f.irnialion.  which  have  a  pcn^ral  -trikc  ol 
\  r,5'^  W.  Tlw  straiirhtnes-  of  the  contact,  the  great  di-^imilarity 
,,f  the  fornnitions  on  citlnr  ^dc  nf  the  .'onta.-t.  and  their  non-con- 

lornntv  of  strike,  indicate,   -incr  there   is  no  dii t  eviden.'C  of  un- 

ronforniity.  that  the  contact  i-  a  fault.  The  Vancouver  volcanic- 
;,re  n  ueh  less  affected  hy  regional  inetaniorrJiisin  than  the  Loe.di 
i;lv,.r  ^latc-  with  whid,  they  arc  in  contn<'t.  and  arc.  th-refore,  con- 
-i.lered  to  he  yonnfier.  Since  the  Vancouv.M-  voh.,mic-  arc  effusive, 
they  presumably  overlie  the  Leech  Kivcr  formation,  and  the  down- 
throw -ide  of  the  fault  is  therefore  to  tlw  north. 

The  southern  contact  which  i-  with  the  .\Ict.!io-in  vohani.-.  i- 
.No  a  profound  fault.'  The  ,h,wnthrow  side  of  tho  fault,  -inco  the 
Mrtohosin  volcnnics  arc  coi.-idcrod  to  he  youuL'cr.  i-  to  the  -o„th. 

Intru-ive  igneous  r.x-k-  an-  n..t  conmion  in  the  Lcecli  Hivor 
formation.  Intru-ive  plntonic  PM^k-  an-  rcnortcl.  however,  and 
douhtless  occur,  althouifh  they  have  not  hoen  Mvn  hy  the  writer. 
Mr.  K.  G.  Chipman.  of  the  Topojrraphic  I'.ran.h  of  the  Survey, 
.t  ites  that  he  foun.l  granitie  rocks  north  of  J.rdau  river  and  its 
trihutary,  Y  creek,  near  the  western  hound^ry  of  the  E-quimnlt  and 

'  Se,.   structural    rrlatioii-   of   M,.t.lioMn   \nlcaiuc-..   p.  92. 
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NiMmiiiin  IviiilvMiv  hiii.l-:  iiinl  Mr.  I'.  M.  I'.iiinl.  ■■(  U.nlr.  w.  report- 
.lull  tlioy  !il-o  (iccur  tarlliiT  \v.>-t.  on  t\\<^  liiuli  liilRi'-  bttueen  tlif 
Siin  .Iiiiiii  mill  Siiiiihrio  rivoi-.  Aplitir  vein-,  uliii-h  were  iirolmlilv 
iiijci'tiil  (litriiii;-  tilt'  ^-fiionil  pi'riip'l  nf  Imlliolitlih-  intru-iinn.  ocfiir 
throiiKliniil  til.'  fiinr.ntion.  It  i-  al-o  pr.liiiblc  tliut  tin'  very 
iiiiiiiproii-;  (iii;irl/  veins  Mc-iMuriim  in  tin'  t'unniil  i.-n  wori'  fnniiC'l 
.liiriii);  tlii^  tiiiip. 

M(i(.'c  of  iniiilii.     'riif  nii'Us  of  tin-  I,i-ri'li    KiviT  l'..rii  ati.  u   wcn' 

(.irniccl   1>\    ih.i-iiial   -Cilimriitary   pi I'-so-.      Tlic  nrifiinal    mcks   wr.c 

-lialis    anil    --l\al>    sainUdinrs,    aii.l    woi'o    i'ouip.i.,.,1    diii'llx    nt'   i|iia;'I/. 
Till'  fi-i'ral    iliii'Unt's,  of  tlie   firnatinii.   the  lillii'luiii.-al    -iiiiilarii\    "f 
the  r.iiv-   tlu'oiiiilii.iit    lli  ■   iiili;'-   l!iii'l;in'ss,  ami   tlif  ali-i'lu'e  of  ron- 
doiii(>rati-i,   inilii'atc   thai    ilio   iMfks  «crc  ili'iiositeil   iiink-r   \t'i\    mi 
I'l.rm    I'liiiilitiDii-.      Ki)--il-    :inil    niiiinr    oriyiinil    -friii'tiiri'-.    -iii'h    a- 

i-ipplc   marks  ainl   ininl   rrark-,    if  tncr  pri'sciit.   have  1 n   ili-tr"M'il 

hv  the  iiiteii=o  niotiimorplii-ni  that  ha-  affi^rtcil  the  formation.  It  1- 
iinpo-isiiblc  111  -tall'  ili-iiiiili'lv .  'liiMTfiir.'.  whethrr  fli  •  roi'k-  tiri'  nl 
iiiariiic  111-  Irrrf-li-iai  nritiln.  'I'lu'r  vri'iit  miil'iirmily  ainl  |)rrv  ailni'j 
.|iiiirt/iisc  compii-itiiiii  i-iipr^rc-t?  that  tlie.\   ari'  nf  marine  oripiii. 

Till'  ]ires('iii't'  of  fplii-pathii-  nuMiihir-.  ami  tin-  inileftiiitt-  enii- 
laii-.  pii--ih!y  I'liiifnrniahh'.  wi'h  the  f .aifiiioi.tal  voleaiiii'  roek-. 
-  i;;i;e-t  iliat  a  urnmiiiin'ril  ilniiit;i'  o;'  <-i  :ii|!ti.Mi-  .ic-rurriMl  either  ai 
ihe  lie^rinniiii;-  or  the  elii-r  of  lli"  ilepu-itinn  nf  th.e  F-i^eeii  River 
I'lrnialion. 

.\<v  III,,!  f'rt/yi'/(//)'';ii.  -The  fieeili  River  y>"-V<  very  clo-elv  re- 
Mil  hie.  both  litholo«ieally  ami  structurally,  the  slat.-  \  'ieh  ..e.iir 
in  the  Paeifie  Coast  re^rion  from  ('alifornia  to  the  Vn!  ii  ili^trii't. 
ami  whieh  are  referred  to  the  < 'arhniiiferou.-;.  On  the  iiiaiiihu.il  east 
..f  the  C.inst  ranee  in  Hritish  r.iliiinbia,  these  roeks  farm  the  lower 
iM.rtii.ii  nf  the  Caehe  Creek  i>ri'up.'  ami  are  interheilileil  with  rnek^ 
luiitaiiiiim:  kimwii  I 'arhoniferoiis  fossils.  The  ehief  iliiTeri'nee  to  be 
noteil  between  the  lower  member  of  the  Tai'lie  Creek  irnmp  ami  the 
Lee<.-li  l{iver  formation  i-  the  ab-wnee  of  ealeareous  and  voleaiiii- 
member-  in  tlu-  latter.  It  is  po-sible.  however,  thai  s,,n,e  of  th 
-i!ii«tosp  .nleanies  to  the  north  of  the  I^'ech  River  formation 
Utween    (ioldstreani    river    and   .Tor.laii    nieadow=.    and    the   Xitinat 

'G.  M.  l);nv-<)ii.  Report  en  the  area  of  the  Kainloop*  Map  Sleet. 
Iliitisli  Colnmliiii.  lieot.  Siirvcv  of  Ciiiiiidii.  Ami.  Hi-poit.  \o1.  \  IT.  1»W.. 
|.|..  :i7.S-m. 
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liiiie-ti.iu' rri-|i(iii(l    witli    tli.     ii|.|iir    -orii"i   of    lli<'    i':\'-]ir    Owk 

irroii|i.  l''r..iii  tlic  infuniiiitii.ii  jiMiiliil.lr.  llw  vi.lcniiii-  iiii>l  lime 
-t.iiio  iiiv  lir-t  (-..ii-lilrnMl  11-  Mi-u/iiic  Sinc'f  no  mi.'Ii  tlii-'kin-'-  .>l 
-liilv  n»l;«  .1-  ...•.•iir  In  tlif  I.  icli  Iiiv.  r  loriiiiilinii  i-  Unouii  in  tin 
Mox./oio  ot'  tlw  CiuiM  rvu'wu.  llie  l/'f.li  Ui\fi-  furiniilioii  i-'  I'or- 
rclatcl  willi  ilic  \nwcv  Diirt  I'l  tln'  ( 'ii«-lir  i'ncU  ttroiip.  nml  willi  tlir 
I'esliiistin  t.Tnuilinii  n{  Wii«hiiinti.ii.'  iiii'l  i-  |.ic-iiiiMtil.v  ..f  Ciir- 
lioTiifiToiis  nge. 

\  Willi  \  in  iniiiii'. 

Till'  uivMl  Lull;  Ml'  III"'  pn-li.illi.'lilliii-  rmk^  "t  Viinrnuv.-i-  i-liiml 
iire  of  lower  Mi-M)/oii-  urc  Triii>:-ii'  nml  Jurii-ii-.  and  liavp  hccn 
nninoil  l.v  Dawson'  tlio  Vaiwouvrr  •.'riiii|>.  Tin-  Vaiii'onver  proup  is 
-ul»livi«liil  in  soiitli«rn  Vnnc-oiivci-  l-!iin.l  on  ttie  liases  of  distribu- 
tion, lillioi..;:.v.  iunl  slrnrliir.'.  into  llir  Nitin;il  foniiation.  Vaiiiniivir 
volcnnics,  Sutton  formation,  Siikir  -<rit-,  and  Mrtdio-in  voliMnii--. 
Of  tlirsn.  the  first  and  the  lii-l  ar.'  with  some  doi''pts  im-lndod  in  the 
Vanfouver  jxronp,  since  tiir  lir-t.  tin-  Nitinat  fori, cation,  i'  possihl.v 
of  Palu'oKuii-  a^'f.  whil<>  the  la^t,  tlir  Meti-ho-in  vol.Miiii's  appear* 
vouiiKor  than  .Iiira.-si<-.  .lo.>  not  roiiforin  .-triiftiirally  with  tho  ri'st 
of  tiiu  Vanconvor  Kronp.  and  i-  nol  inlnidoil  liy  any  of  tlie  nain 
liatliolithif  typps. 


\m\  \T    I  OIIM  \TIO\. 

DiKlriliiitioii.'  'I'lie  name  N'ilinat  formation  is  nppliod  to  masses 
of  niarlilc.  and  more  hiffhly  aitt-rt'il  ial<  areoii-  rocks,  scparatod  hy 
ftiilo  areas  of  intru-ivo  (iranitii-  rocks,  that  underlie  a  broad  belt. 
10  to  1l'  miles  wide,  lying  to  the  north  of  the  l^^eeh  River  slates  ami 
extendii'if  we-tward  from  the  n;ontli  of  (lurdan  river  to  Tiarklev 
sound,  a  di.-tanee  of  over  -W  niiU-  'J  he  rocks  ,,f  the  ''ormntion  are 
iiest  exposwl  along  the  shores  of  Xitinat  lak<'. 

l.ilhuUiiii'-'it  Cliiitvrh'rs.  liie  rock:;  of  the  Nitinat  fnrnuition 
are  cidciireon.-  or  have  been  derived  from  cUrareou:  rocks.  There 
are  many  areas  .f  white,  usually  ;oi.r-c!.v  '-rystalline  lime'tone  or 
marble,  but  the  '  Tger  portion  of  the  oiif,.inal  lim<  stones  appears  to 
have    been    pro  lly    altered    l,y    invadiufc-    mainnas.      The    ])urer. 

'  (.i.  ().  Smith.     ■  :.  Stuart  l.ilio.  No.  106.     U.S.  Geol.  Survey,  190t. 
'G.   M.  J)ans<iii.    Ann.   Ki'ixirt.  ISSfi.  'ipol.  Survf^y  of  Cnnada.  p.  lOli. 
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wliitc  irilllilc.'-.  i\rr  "I'cii   nii  iiii(rii-i-ii)iir  OXi'liiilialinu   In  rciMint  (••-cli- 

liiillv   nt   I'iili-ito.   ill   irreRuliir   tirniii-,   tiriiil\    iiini'iitcMl  l.v   tlic  siiiiir 
iiiiit<'iiiil.       Till'    iii-(e--(ir,v    i'iiii-i  ihiiiil-    :irr    tiiinlt    in    iiiiiiiiiiit.    anil 

iiH'liiilc  i|UHrt/.  whifli  iir^  in  mtv  ^himII  >;rnin-.  i-prii-itc.  ami  opi 

iloti\     I'yritu  i-  ii-iinll.v  incsriit   in  ^nnill  ili-i-t'Miinati'il  uraiii-'.  wlii'-li 
wi'atln'riiiif  to  liii;oniti',  ■^li>rlill>   -tain  lln'  r.\|io-^cil  -iirt'are-. 

Till-  I'liciiiicii!   I'liiiipositiiiii   111    iiiio  nf   till-   purer   iiiiirlilr-   of   iIm' 
Nitiiiat    furiiuitinn   is   as   fipllous;-- 

('al<-ii arlM.iiaic'.  (iit'O  . !h;.-.:i 

MiiKnc'~imii   larliiniiite.    Mf;('<)_ <i.|:.' 

Torric  oxiilo  unil  aluiiiiiui,  l'"iv<),  aihl  AI.U  .  't|<i 

Iiisiiliible  mineral   matter -'it 

Sulphur.  S (lOl 

I'llD'^plloni-i,   I' tiaee 

100  :'.ii 


Wast 

|-e»er\  atieii 
Mines. 


liure.  -laitliern  eiicl  of   N'itiiiat  lake,  iiortlieu-l   ..I'   ln<lian 
I',   (i.   Wail.   .\nal,v-l.  ('iieiiii-t    Mini-   Itramli.    I>i|it.  ..; 


.l/e/amer/)/ii'>"i.  'I'lie  pare  marlilc:-  have  luon  alioroil  near  intrii- 
-ive  jfranitie  rocks,  ninl  alony  -hear  /.nies.  pas-iinsi  in  sneh  pluce^ 
into  ilark.  aliiiest  llielv  weathi  iin;r  varietie-.  in  uliieli  ipiarl/  ami 
-erii'ite  are  in  nineli  hirsier  iiimmnt.  ami  in  wliieh  ilioiisiile  nu<\  sonie- 
liiiies  feliUpar.  prohahly  an  aeiil  plaifioelasp,  nceur.  .\t  tiiiifis.  cspo- 
eially  where  H«>oeiat«>«l  with  ii.a>>e>i  of  alino-st  pure  uiaunelite,  whirh 
eeenr  iilon(f  the  eontaets  with  intrusive  praiiitie  roek-.  the  Hniostonfs 
iiave  lieen  niftaiiiDrphoseil  into  tvpieal  jrarnet-diopsiile  loeks,  whieh 
liavp  heen  recoRnized  us  eharaeteristie  of  similar  litne-tono  coiitaot'^ 
ill  many  parts  of  the  world.  The  frariiot  is  a  hrown  mas-ivo  variety 
<■(  andrudite.  and  the  diop:-ide  oeenrs  in  yreen.  linoly  graiuila- 
iiia-ses.  The  jrarnpt  and  diopside  are  associated  with  ipiartz.  epi- 
ilnte  and  ealeite.  whieh  oeenr  as  intpr^ititial  frrains.  or  more  eoir- 
luiinly  as  vfinlets. 

No  example  has  heen  observed  where  the  pm-e  niarhle  of  the 
N'i'inat   formation    is    in    aetiial   contact    with   a   larue  hody   of   the 

intrusive  (iranitie   rock.      The   i tact    7.onc  of  the   marhle   is   occa- 

-ionally    relatively    narrov\.    and    composed    of    the    jrarnet-diopside, 


||a| 
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• ,  ..nt.K't  rcM-k.-  .1,  -.rilM  ■!  i>.  the  i.ivvi..us  imrunrnpu     Mor.   • ily 

,1,.-  .•.mt».t  /..w-  i^  v.ry  « i.le.  even  wi.L  .•  ili.m  tl..    , ■-  "t   P'lr.. 

,„„.|,lt.    ..h.l    i- >|H.Hr.l   .•liielly   o!    mu,.l.il.ul.tr;    u.,.1   ih.'   i.ui.ur.  u- 

,„..l„-i„..        ■■   .vn..llll,-    in    .1..-   .nuHli-   ...-k.   ,.r.   M-  ,n..pl..l".l... -, 

,,|,h.,„i:l,  ,1,..  ..•..„,..•   r-l.-.  -l.-b     • >    '■•'-'■•■   '"^^'■'"'   ■'    '■'•'" 

li\»'lv    piiii'    lilhc^lHiic. 

n„.  „„„,lnl„,lit.-  „r.  .li.rk  vr-vi,  v.r>  linr  Kn.iiu.l  n-k~,  ••on- 
.i,.iuK  '■!■  .nnphil.Ml..  n.i.l  U'l.Up^.r.  .u.-l  tl.y  l>.v  I--.,.  fr.„r  ,r,..l. 
Mi„l   r.'.-.ii.ntr.l  l.y  «,.i-i.Mt.-  mimI  epi'lotr  vlmiiI.Iv 

,„.,.,.  nr..  -,-.n  t„  1..-  .  pal-  .'r..,,  ,.r  .n-m-l,  L.-w..  l.or.U.'U.U., 
,„1  ..lou.l.i  f-l.l-par.  .uul.  rur.l>.  ^.u,!^  .ran,-  .1  pyrox,...-.  1  l.o 
„,,,-.„rv  ...n-titm-nt.  uro  titanit.-  .umI  uu.Muoliu..  .,.>.)  tW  -.  .o.^lnrv 
,„1„,„,U  ,.n.  -ri.it.  nn.l  \\u..u\W.     <^u,1•..  i<  -,.u...li.no.  p>v..Mt   n  = 

.,,.,.11  .....a,,,,-.     Tl,.. U  l.u-  -.-u,.llv  .,  -..,„.ul,..t  folial-.l  np,H..u- 

,uce  .1....  t.,  a  M,l.:...rMll..l  nrra„.'r,.,o..l  nf  ll,.  l,„n,l.!,-.l...  an.l  -•,.- 
-i..nallv  tvp.'-  o-.M.r  in  ul.i.'l,  th-  fel.Npar  for..,-  lartt-'.  •■ul.o.lral 
.rain^;  ^ivinu'  tl,.>  r,..-U  a  porphyriti-  ..mun.ran.v.  TUos,.  unu^h.- 
l,„lit,..  n.,..„.l.I.  tl,..-.'  ,.«.....ial,-.l  with  tl„-  I.»,nv..t.a„  ina.l.  .-  -I 
n,„ari,..  ,l..-,Til...l  i.>  A.la,,,-  -p.-iallv  tl,..  typ  ,l.-^-n\.e.1  a-  tl... 
liiii.l  pro.l.i.l  '■•  alt.'i'at.i.ii. 

<,nuhn..i  l!.h,lio,.s.  luhnu,!.  Tl.,-  .-triU..  o<  .la-  Niti.,at 
,„n..atiou  varie^.  Lu,  i-  i„  »reu.r.,l  >.l,.a,l  N  •'..V  W.  O..  acvo.n.t  „l 
,1,0  r.-.Tv.tHlli/a.io„  „.  tl.o  li>.u.^t,....-  atul  th.ir  ,v|,la..mu.nt  .,vr,- 
.uk-  ar^as  i,;  gra,,,.!-  .■...■!.-.  tho  L.^.H,.^  an.l  str.„-t,,r.  ,s  „t,...> 
„!„..„re.l.  but  .l,.y  ',ax.  pn.l.al.ly  l..-„  .•1....1.V  fol.l..l.  ^t..--.'  tl,.  n- 
..„r.lo,l  .lip-  are  .,11  l>l«h.  i"  ^  larp-  .,>u>,l...r  uf  ..a^'s.  ,„.pp>x»,.:,t..lv 

v,.rii.'al.    ■Rarely.  .M,iitor!i..i,  is  to  l.i'  ..!.>.-,-v.l. 

Tl„.  niarl.l.-  aro  -oxn.nmvi  tl,i.k-i.«.l.l...l  a.„!  „ot  gr.ail>  jcite.l. 

-....1.  :,>  tl...-  .N1H.M..1   at   tl...  ^....ll.er.,  ..„.l  oi   Niti.,at.  lak..  t,.  t'.. 

,„„.,l„.a.t  of  tl,..   I.iaian  r.-crvati..,, :    M,..r..  .■„„.n.„..ly.  l„.^•..v.M•    t!„ 

,„arbles  arc  thin-be.Ul.Ml.  uu.l  Rr.atlv   joiftc.!  a.al  tra..t..r..l.     M.oar 

.o„c.  an.  frr.,„...-t.  ab....^  uhi-l,   alt.vati..,.  ,.f  tb.^  n.arbl.^  b...  tak.,. 

„l.u.e.   pro.lu.inK  tbo   .lark    u..atb.riu.-.   -ilaitie,!    vario.i...   .b.s.-r.b..! 

almvc. 

Ar.a  Pf  Canad;,.    .I..,ii,i.  oi  0....1..  ^ol.  X\  II.  li>m.  pp.  l  !►■ 
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h',  rl'i'iiul  —It' 'ill iiiii  lit  olil'i  'ociii/i/xiK-.-  rii(«  I>>ei'ii  I'lvci- 
t'oriiintii)ii.  uhidi  lir-i  In  th''  «oiitli  i.l'  tlii>  lii-tirii  ciiil  of  tln»  lielt 
llllcli'rliliri  l)>  till'  Vitihat  t..;-iihili  11,  i-  .-.ih-idriv  1  II.  l.c  iil'liT.  I  'I 
llicre  i«  no  ili'tinih  -InicrurMl  nr  |.ilM('Tii..|iiiriiMl  cviili'iii-."  The 
cuiitiift  iif  the  tun  tl'l■lllllti^m^  \vn»  not  ■»  i  ii,  iiltiimiitli  near  tin-  iii'>  illi 

..('    (.■.|v|iiM     livil-     11     (\ii«     Innidil     uilliiii     II    .|i-t:iiii-.         f    "i i     t  ■, . 

iiuiiilrf 'I  Irrt.  Tlio  loiiliii'l  miiKiir-  !•!  Ipi-  -Iriiiu'lit.  iiinl  i-  c'lni^iili-riil 
•  p  li«>  II  t'niilt  «it!i  tlio  iliiHiitliri'i'  -iilr  111  tlic  iiiTlli.  ( >li  urciHiiif  nf 
till'  yri'iil    lil!i<ilo«iiiil  .li'"'iiiiiliiril,v    of  tlu'  t«..   Ii.niiiilii>ti-i.  iia   ..  oil   ,,- 

llli'     illtl'll-i      rnllLirt     Mil   Ml.  iir|llli-lli     mI     til.      Nilillllt     I'lirilillt  intl    liy    il'- 

trii»ivi'  uTiiiiiti''  riH'k-.  tl'-  r''-pi'rtiv.  uriioiiiit  ,,'  im  i.iiiiiir|ilii-iii  i.f 
till  twii  fiiriiuitiiiti"  I'limiiit  111  usnl  tn  .ji'tiTi'iiiii'  llirir  iilnlivi'  iiiii'- 
Tlu>  "iilv  itii-n  I,  tJHii  fi.ri'.  I.ir  r<iii«ii|(riii>:  ilii'  uiii'  li'mKition  to  (..■ 
uMir  or  \iiiiii(jiT  tliiiii  till-  otliiT,  i«  tliir  iciici'tiir'  i'.'rril,itioti>.  ilic 
l.'i'ili  IviviT  toniuitioii  liciiiL'  III  prr-i'iit  ln-t  I'orri'lali'il  with  t!n> 
I  arl'oii  U'roiN  -Inti-  of  tlio  I'm-iiu-  rnn-t,  wl.ili  tlir  N'itinitt  foniiii'io'i. 
;i*  uftprwnnl  poinfoil  out.  i«  hO'St  i-orn'liili"l  with  tlio  Viui.''inv.  r 
s;ro:i|i.  tiiiil  i'.  flii'i-'t'orr.  foii-iili  ffl  ;\-  Trill'-- ic  or  Jmii-'-ii'. 


/.'<'<// Ill (IV  '(;  tiiiiiiniii  JDfiiiiiliotis.  riio  \':i.M-i.uver  voi'  ;lliii> 
I'l'iir  to  tlic   ii.  ri'i  .  f  til'     N'itiiiiit    foriniiiioii   l.ni    omp  ■•iii-'iilii'Mlilo 

•  li-liiiii'O-i  tlif  fvo  toriiiaf ion-  aro  -(>|iiiriiti' I  l.\  lio.jio.  of  it»ii('i)ii-^ 
r"ok-  lulrii-ivr  itito  liotli  Lrroiip-,  .\l  oiu  i  iio\mi  li.i'ality  oiil>  .  ncaf 
ih.  lortlicrii  oml  of  Nititiiit  liiKo.  uro  tlio  two  fonnutioii^  l.ilii-vi.l 
I"  1 1-  ill  I'Uliict  with  1  nr'  iinotlirr,  iind  ;ere  thr  ai'tnal  001111101  'aus 
!...!  -  oil.  an  i  |iii— iiil.'.  -ini-i-  tlio  <••  iila'l  i-  n:arl;i.l  ^>  .i  v.illi  ■  •  •! 
ai'iioar-  to  III'  fiiirly  rofiiliir  ami  striii};ht.   i-  ri-|iro-i  tit'^-l  liv   a  fiiult. 

I  liiTofore.  -ini'i^  tlu  naturo  of  tlic  i-.nitact  lioturcn  tli-  two  fornia- 
iio!i-    i-   iinkinn\n.   im   ilcfinito   int'ornnition    lui-   I.Oitt   'ilitaiii'-'l     'on 

•  ■.■roiin:-  tlio  ri'lation-  of  tla'  N'itinat  and  Vane  iivor  \o]i-aiiii'-.  I'.ot 
till'  -triki'  of  the  Xitinnt  forii;atioii  mnl  it-i  ppiioral  -=trn.lnr('  i- 
""iititriiiahlo  with  tho  striko  ami  -triii-tiiro  of  tlio  Vaiiro;;vi'r  urroiip. 
.iim!  ihi'irt'oio.  for  thi-i  ami  oilier  reasons  ili-«'u^spil  nmlor  corroklioii. 
the  Nitiiiat  formation  i-;  host  ooii-idri 'd  a-  a  tiart  of  tho  Vnncotivor 
iirou)!.  ami  i--.  thiTrforo.  'iiippiwcillv  I'onfonn.ih'o  with  ihp  Ynnooiivi  r 
\ol,'ani' <.  jirohahlv   ninlorlyiiip  thiin. 

Till  Nitinat  forniah  1  i-  ohlor  than  llio  licalo  dioriti'  and 
^aanich  priniodiorite  wliioh  ari-  rhaily  intrii^ivp  into  it.  As  alrpady 
dr-;ri'il,pd,  the  diorite  and   fjriinodiorito  are   mvt  r     'i   diroc-t    cnnlo'l 


i*^^J^^£U. 
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11         ,    tl..-    \itimit    •..nn..ii..u,    .lil,..imli  .-1    I'"'" 

\i  .rl     .    .ith  ..f  Niiii'iiUaiiiH  l.nv.  "11  tl'<    """"     """  ,,.    ., 

\,,.rU...   lU.t   >  .,„;,.,,.l,ia-, r  «r».....l.ont. 

il,..    n'.\ri  1"    t'   '•!"    ''^    '''"^  ,   '         ,         !„,.,„,,.    r-,.-k-         ^■■"i- 

,.. „i,.  .v,,i..i, >-.! '''■'r\'':  ;■':;,,.,,.. ,,,,!..■ 

•■'■"•■'■"■■■ — ;■ ;■^;:rl  ^ -. -' 

■;"■'■'",::■  „;„.,;..i,.. ■■'■• -'- " ,■:'"■ 

::;:::..::::- -« "■•'■"- r:":%:rr::.:: 

■; r^'■'';:":.  ■^' ";::*::.-" '"^---r  ■ 

.1  ■     ;      ■   t.-iliiri'  Diilv   III   till    nil  I -I'l" 
;,.   ,1,..   ii,„..,,„„o   li..,l    !uwl    ...I    n.llu.M.v  on    .1.0 
,,„„„i,   ,.,„.k.  iun.r   111.    ......ta-l-.  ^        ^^,_.^.^ 

""'''■^"' -""";'•'"";•  „  .-    V..„.ouv,  r   .roup,    the   Sut.nn 

.,.  .1    i.iifiiii  <•  iii<iiiiiiilatii>|i.  1111(1   II    i'i«- 
,„n..ii.i..n.  ar..  .,1    -«,.  .  Vi,..-....v...'   .run,.,   it    niiiy   b. 

proHiinuMl  tlmt   it.  to.,,  lia^  U.n  form.  .1  l.v 

■ "'•■-'  '"  ""•    ' ;'         ,.      .  .    ,..1  from  n.uu.v  ,nirt.  of  tli.  worM. 

,,t     tlir    .IPV.lopini'Ilt    ol     Mlllliur 

.I....I..M, .i -^''-'"•-'"^''"■r^''^'*;;:;::^l:;ictLi 
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I, ,,11-.  .iii'l  III'-''  '111  .riuiiMl  till'  iiiin'-.  jiiilyii  Irf-H  till  i-li;irii'NT 
.,t'  ill''  |"'rli'  -  pri'-rr- I'll  .i-  iiiiirMi"  w-rr  -riMHiiuU  imri'  riirlxni- 
It,.,  li         III  1  •■  iiii'-iiiiiimI  ilitii    I  ir  -ihiii  iiii'l   iron   nc    -  .  r^    In  d'nr 

ill.-  iiM'lriiitit'    l:    nil  I    ,iiii|  .|i..|i-i.|i'  u.it   hK..  iiiii  "li I 

Till-   i.riufi    "I'    tin-   I,  I'-.'iiliiilii.  -    i-    nil'    -II   ii|i|Mii-iil.      l''r-iu    li  ■ 
,;,,.,.  ii., iiiMiiiii.il    ,iiiil    -I    i.'iiii'.il    (   liiti.iii    ••I'   till'   iiiii|iluli' Hi.  -        .1 

iiiiirlit'--    ii    .i|i|M;ir-    '-     I'   ilif   iiiuiilnlinlilr-    >M'I'i'    f'l.niii'il   liv    tl 

t.i.l    Ml' l.iiiiiir|il I    '''■     iiiiirlih'-.    1  111    ii'i    Irini    iii'.iiiil    |\|ii'.     ^m  li 

1.   .\iliiin-'  clf-irilir-.  »<Tr  -ii'ii.      Ill  nlliii    ii.irl-  ni   ilu'  l-liiiiil  -iiiiiliir 

,Hhl.|l;i.i.lilt>    HI     iIimI'M..  .1     -iImIiu     ...hllli'l-     of    t'lC    VlIIH-oMViT    V.i! 

.mil    iiilrii-no   liiiilii.iiili-,   iiii'l    III    llii'    N'i'ii    it    |..rninliii!i   rv.ii 
liii\i    Iti'ii    ii.|i\cili  .'    ii  'ii   iiiiiiilii'iiiliti'^.       TliiM-i     iiri'    Ml'.   1  ' 
,    ,  r.   .inv    !.ir«i     l..,.lii-   ..I    rli  iirK    i-f.'nmii 'iiM.     M.lr..iiii'   n-'-'-*    i«-' 
,    ,i,,l      itii    llu-    Niiiiiii    I'l.riiiiiliiiii.   ,iiii|   -!<i'M    Ailiiiii-   liM-  -Imv'Ii   l•^ 
li      ■>  rv  ivIi'ii-iiM    mill  I'lirrhil  'mtU  iIuiI  jiii  |ilulio|iti'-  imx   In'  t'lrmr.! 

'r^iii     liiiii-tiiiit-,     llir     I'i'-l      'iirkiii:;     In  |iii||ii -i  -     i-     I ii-hl    i     iIp 

,ii,i,!,l!,  .li r.      .Viliii.il      I    riiuiiii'ii     .i-     iiiilii riiliii-i''l     liiiii 

(  ,  ,    .•/■i.i.i)/.      \,,    .liliiiil,     !■!  iilriirc    lit'    ill,-    ml;,     .■•    till' 
\  !•    ,.ii    :    i-i    ,  -  II  II   1.  :il   h  .ml,  .'llu  r  til. Ml   tliiit    ii    i-  1  !     I  ;iil,.  i':!ii  - 
thill   !-,  :.i'i--ii).|ii  r  .1  iirii--ii-.     Il   tin-  riino.itiiiii  .mi-  i-,.i  ':iiiiril   ti,--il-. 

'!ii.\     h.iii-    ill  111    l|i'-lr,i\("l    li'      ll"    l'ri.|-> -tillli.       i  ,11     illi'l     illti-il-..    I'lill- 

l,|.-t     II  '•lli:ll(l|-|lili-ni    III'    till-    nriyilUll     lillll-lnll 

I.I  "n'-niiii'«   ol    'iilli    ii|i|n-r    I', 111-  111! 

.',,ii-    .111-    kii.iwh    I,,    iii-i  iir    in    ill'     I     ■  ,    ■ 
•  I'lmiiliiii.   Ill   llii'   iiiiprr   |i,i       ill'   llii-   '    ll' 
V'liiii  nUMT    nuil    ri'lnli   1    i;ti,ii|i-.       Ii 
('n-,  i,   i;riiii]i   iii-i-iir«   :i    M'r,\    tliii-K    1 

<    .111,-11      lillll'         ,111--.  -''.i,     -lull      !lii,-K      ,,1 

ill    till-    I'Mi-ilii-  (  1,11-1    i-i;iiMi    ,  I    |!nii-l     . 
llijit    I-    .i--iiri-ill>    li.wi  I    .\l"-ii/iiii-.      T'  '■    .^ 


\|i-,,/i.i,-    lion 

n    iif    r.riti-li 

..   mill   ill   till' 

•  (    til.     ( 'ill-Ill 

■111'    .M.irlilc 

......     1-    LiiiiUli, 

.;l   -1     'A'il-lliiiytoll. 
.'Ill  it  idli     ;l|i|iri(r-' 


M-  '  il  \M-i'i'  iiri:;iii:ill.\  i-o|i  im-,  I  :iliio--l  l■lllll•l■l^  .1'  iiiiii'-loiu-.  iiimI 
1,1  .iiiilui-  Iroiii  till-  wiillli  iif  ill-  lill  lIuil  il  iimli-rlic-.  ua-  |,i'iili;il'lv 
of  i-oiiMilt-riilili'  lliii-km--  l''i'oiii  |iiin'l\  liilniliniiiiil  cviilt  iii-o  uc 
aiijilit.  llicrftori'.  nirt't'liili-  tin'  Nitlinit  loi'iiiiilinii  uitli  tin-  Miii'lili- 
Cafioii   f..i'niiitiiin   of  llii'  Cin'lii'  ('ii,k   ki'"''!'-      lli'vM'Vir.  tlio    NitiiiiU 

I    ll.  .x.ii.iii-    .1.111111.  <it  tiwiL.  Vol.  XVII.  vm.  lip.  If*. 

<i    \|.   Duw-oii      |t<>i>.a-l  on  the  area  at  llif  Kaiiilooi  -   M.iii-Slu  .1     Vnii. 

i;.-iN,ii.  <i.-<.i.,«ii;.t  S111M.V  of  Ciiiiit.i.i.  v.ii.  VII,  189:>,  p.  inn. 
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fornurn,.,,  .loo-  no,  a, .r  ...  l-  -..nfov.nal.l.-  .ith  tl>e  Wl.  K.ver 

formation,  ^vhi.h  ha.  L.-en  .■..rn-lato,!  with  the  low.v  part  of  tho 
Cache  Creek  group;  althouKh  tin-  .pi-eoran-e  is  no,  «*  "  '•onolu- 
.ive,  einco  the  two  formations  are  separated  by  a  probnhh-  ault. 
()„  the  other  han.l.  tho  Nitinat  fonnution  appear^  to  bo  contorm- 
al.le  in  structure  with  the  Vancouver  voleanios.  and  all  of  the  other 
lin.estones  of  southern  Vnnoouver  island  are  apparently  lower  Mes.- 
xoie  in  ape,  hel  .nKin^  to  the  Van,.,mv..r  ^roup.  1  he  .v.l.n.-. 
appears  to  he  sli^-htly  in  favour  of  .•..rvelatin^-  the  Nitinat  inrn.at.on 
provisionally  with  the  Vancouver  proup. 

Dykes  of  altered  an.lesite  or  l.a-a!t  porphyrite  eut  the  Nit.nat 
li„,est;nes,  and  appear  to  he  pre-!  r.:>.olithi.-.  .ineo  thoy  have  boon 
.....vcrted  to  au.phiholitos.  They  may  he  relat..!  to  the  volojme 
men.bors  of  the  Van..ouvor  ^roup.  The  ahseneo  of  n.terbe.h  o.l 
vokanic  rocks,  an.l  the  presenoe  of  the  dykes,  suggests  that  the 
Nitinat  formation  n.ay  ho  tlu-  lowest  na.nbor  of  the  \  ancouver 
pr.n.p.  having  heon  d..i«.M*o.l  before  voloani.-  activity  begar.. 

\  WColM.ll    M'l.l  AM.  S. 

|„,i,.,-  llu-  nam..  .  f  Van.-....v,r  voKanic,  are  grouped  an.l 
„,apped  tho>e  v,.l.anle  roe\-  of  the  Vaueouvor  group  which  a.e  no, 
;„,.,,„,.„,  i„  th..  Meleho<iu  vole;u.i.-s  and  Siek.r  series.  The  N  an- 
..ouver  voleanh-  eon.pri-."  the  great  hulk  of  the  rooks  of  the  \>.n- 
.-ouvor  group.  The  Sicker  series  as  mapped  includes  some  typjcal 
Vaneoiiver  voleanics  wbh-h  could  not  be  separated  on  small  scale. 
,  .  ,,,,,;  -  .,.  „iM'"i"!-':  "l''l''  s'"'"^  ^'^"'t^  ""'^  fragmental  vol 
..anicsof  th.  S.cR.'r  -rie,  av  .l,.ul„lc..  iu.-lu.le.l  in  ami  tnappd 
with  the  Vancouver  voleanics. 

],:slrlhullo„.-  -l\u'  Vancouver  volcanic,  underlie  the  f:Teat,  r 
part  of  a  -■entral  bolt  in  southern  Vancouver  i-land.  which  has  :, 
trend  roughly  parallel  with  that  of  the  whole  islan.l,  whi.h  i.  in  tl. 
.outhern  part  of  the  islan.l.  abo,it  N  B0=  W.  The  belt  .  .5  to  •> 
,Mil„s  wide  in  the  western  and  central  portions,  an.l  narrows  ,o  t ,. 
oast  to  about  20  miles,  where  tho  voleanics  are  largely  replaced  by 
intrusive  granitic  rock<  or  partly  .•overe.l  by  y..unger  se.limentarv 
roeks  of  the  Nauai.n..  formation.  The  southern  boundary  is  the 
,„„t„ct  with  tla.  Nitinat  and  I.ech  Kiver  formations;  an.l  tl-. 
northern  boundary  is  the  >m..ontonu:.hh ntnct  with  overlymg  sed, 
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1  lui-i  ■■' 
..  in  ill'' 
$5  to  4<> 
s  tn  til' 

laced  l>.v 
nientan 
V  ia  tlip 
aii'l  till 
ing  sedi 


iiiiiiliiry  pi'-k-  "I  ill'  \;iii:iiriiii  l'"riiiiitl'iii.  Tlip-f  boiiiKluries  are 
vfiy   detiiiili'   iiml   Imvc   liri'ii   Im-iitcil    fairly   ii<'ourat<'ly.     Tlir  Vaii- 

icpiivcr  vi)li-i\iiii'*  Mir  iiHii r  li--  ititorriiptoil  by  aren<  iiiKlorluin  l-y 

th«'  Si<'k(T  -iTic-i.  till'  ("iv,  icliiiii  iiidui).  mill  intrusive  pranitif  rock-:. 
Siiie(>  tlu'  roi'l;-  "<"  tin-  lirlt  ;iri'  fairly  well  oxpnsiod.  exivpt  on  tin; 
siiiDiitli  iiiilaiiil  Mii'l  ill  llif  liirircr  vnllcy-;,  \hf  i-iintii<'t<  of  tlw  various 
fiiriiiatiniw  are.  uliiic  cnosoil  liy  traverse-,  well  located,  loit  nro 
..tlipr\vi-e.  ii-   iiidicatc'd  on   tlir  map.  only  iippi'oxiiriit<'ly  lo.'iifiil, 

Lllliotoqiial  CIuikkIiis.  -'['W  Vuneoincr  voliMiiif-  arr  liasic. 
cliielly  aiidcsite-.  und  ausiitc  andi'-itc-.  with  -omc  daciti'-tiifTs.  'noM' 
tlow  and  fragnienliil  types  are  iire-eiit,  and  im-lude  aniygdaloids, 
porphyries,  tuffs,  and  breccias.  Intrusive  dyke-  and  sills  nf  andeeite 
:iiul  liasalt  porpliyrites  also  oei'ur.  .Vll  of  tlw  rocks  have  been  nieta- 
iiinrphosed,  and  in  pi..-t  recrystallized.  They  are  seainwl  with  quoTiz 
and  epidote,  and  at  one  locality  veins  of  eoinnion  opal  occur. 

Xoniuil  Mcl'i-'iiiJi  site.  I  lie  prineip.il  lock  i\pc  i>  -.i  imi:'- 
andesite,  often  with  essential  aiigite.  .Moga'^copieally  the  audcsite- 
lire  aphanitic,  and  -onictinies  jiorphyritic,  with  -mall  hut  nunierou- 
pbenocrysts  of  feldspar  and  altered  hornhlende.  They  are  usually 
''.ark  preen  in  colour,  hut  the  tiner  praiiuvl.  -onietinie-!  silicitied 
variotie-",  are  light  green.  They  have  been  sheared  and  altered,  anil 
the  green  colour  is  largely  due  to  -eeondary  chlorite.  Tiny  are  also 
cut  bv  veinlels  of  ipiart/..  epi'lote.  and  calcitc,  ;ind  are  commonly 
impregnated  with  pyrite, 

Mif.roscoiiir.  .Microscopically  the  ^roundmass  1-  seen  to  consist 
issentially  of  -mall,  lath-siiapeil  crystal-;  or  microlites  of  aiuiesine 
feldspar,  and  originally  hornblende  and  augite.  now  largely  altereti 
to  and  replac'il  by  chlorite  and  calcite.  The  only  important  acces- 
-'iry  niineral  is  magnetite,  which  occurs  in  tine  grain-  in  relatively 
-mall  anionut.  The  phenocry-t-.  when  iiresent,  are  of  ando-ine.  and 
;ill' red  lioniblcii'l  ■  and  iitigite.  Tlu'.v  are  ii-uall.\  ot'  nic.linni  -i/.i. 
and  nunieron-.  although  the  groiindma--  i-<  virtually  always  domi- 
nant. The  degree  of  alteration  is  large,  and  besides  the  ^econilary 
niineral.s  chlorite  and  calcite,  mentioned  above.  ei)idote.  serieiie.  and 
lyrite  and  limonite  are  very  coinmon.  More  rarely  the  l'<  inic 
minerals  have  altered  to  uralite  or  bioiifc.  In  -ilicitiel  varietie.-, 
'iiiiirtz  is,  of  cour-i'.  an  important  >=•■  ••inlarv  '■.■ii-titiient. 
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^^^•^m^^g^mumF^^^^wm^  \^mwk'uam^^i^.. ' 


I.Klll.tMllC    \l 


\i    ~i  liv  l:^  .  1  ^^  \i'\ 


("ortniii   trxtural  v;iriotii-  nf  the  iniriiiiil   :m(lr*iti iir.  .•liietlv 

iiiii.v(t.laloi.l<.  TliP  imivii.liilc^  jiiv  >ol<l.im  liiigf.  iilllinimh  ..ft.-n 
miiiiorous.  nn.l  coii-i^t  .-liiiily  of  ••hlorit.'.  .-id.-iti-.  iiii.l  iiii.rc  rarely 
(liiartz.  Taxitic  or  iMitaxilii-  vaiiolir-  oc'iir.  uliidi.  alihoiiprli  tlow 
rocks,  .-oiitaiii  tViifriiiiMit-  of  ^iiailar  .•..mpo-itioii  I>iit  ilitfi^rent  tcx- 
tiiri'. 

/•„;•,,/. ./,;/.,  \,iiiih  A;.l.:silr.  \  \y]^.^.  .■liarac-tori/..'.  I  iiN  lari;.' 
li.^nil.l.'ii.l,'  plieiMM-ryM-,  uiiicli  aiv  ii-.u.l..moi-i.ti~  iiflor  aiii-it.'.  oc-iir- 
in  closo  a-so.-ialioii  uilli  t!ie  Si.-kcr  -on.-,  ainl.  ^^lll'^•  tlioy  cniilil 
not   I..'   MjuirattMl    ill    tla-   Miiall   -ale   iiiappiiij:.   aiv   n;apiMMl   with   tlio 

Sicker   -eric-.    I,ar;;e   ana-   c -e,l   chiefly    ol    thi-   type  of   au^ritc 

aii.lo-ite  oeeiir.  iiow.-vor,  w.ulli  of  tlio  Sicker  -^rie-.  iiiiiiio.liately  to 
the  iiortli  of  (',,«i>-iiaii  lake:  aiM  again  to  ll  •  Uoitli  of  tiie  Sicker 
■ierie-.  -oiilli  ol    I,aily<initli. 

Mcva-copically  thi^y  arc  .lark  «i-ccii  porphyrilic  rock-,  with  an 
aphaiiiti.'  •;T..iin.lma.-.  ami  nma.T.ai-.  relnivcly  hirye(.r;  !.•  •_' cm.  iii 
ilianicler'.   -lout,    pri-iiiati.'    phcii...rv -I-      .f   ilark   mecii    horiihleii.le. 

which  have,  very  coinii ly.  a  micleii-  ol  linht  urceii  aiifrite.    Where 

cxp..-e(l  t..  iiiiu-ual  rapi.l  u.  atla  riiir  hy  -olini a-  aloii^'  the  there- 
of lake.<  aii.l  inlet-,  the  ,licm.cry-t-  have  hecn  left  in  relief,  often 
pre-orvintr  their  cry-talline  f..rni.  which  i:-  that  ..f  a  pyn>xeiic. 

l/oro.v. »/./'.  Miercwcpically  the  trromi.ln  a^-^  is  seen  to  consist 
..f  a  tine  mat  ..f  amphihol,  (  pr-.hahly  nralile)  nce.lle-  ami  ande-ine 
fel.l-par.  with  acce-sory  niaiznetitc  •|he  ph.imcry-t-  an.  with  the 
exception  of  a  few  small  phon.i.T>-ts  of  altennl  nmlesine.  of  pnle 
L'recn.  weakl.v  1..  m...hTatcly  pleo<-hroic  Ii,,rnhhn.lc.  ami,  a-  -een 
nieuas.'opi.-allv.  oft.'n  with  a  iniclen-  ..f  anfite.  The  hornWenHe  ii..t 
only  surronn.l-  the  auiiitc.  hut  fin^:cr-  int..  it.  aLnir  irreni.lnr  cruek-. 
The  In.rnhleialc  is  iimpiCst  h.nahly  secomlary  after  amrite.  l.nt  sin.-e 
it  i-  a  c..mi.a.l  variety  siK'li  a-  w(.iihl  "ily  f'^' m  ""'l'-'''  eou.litions  of 
hid.'le.npcratnre  ami  pressure,  it  i<  pn.hahh'  that  it  .•ry-tallii'.o.l 
umler   n.a>n>""tie   conditi.-i!i-.     Th,'   anjiite   amlesit.-    hav.'   al-..   heen 

:,|tei-e.l  in  anucr  -imihir  t..  ihat  ,.f  ih..  ....rniai  amlcsitc  the  .-hicl 

-..M.n.lavy    uiiiicial-   l..'iujr   nnilitc   , -hi. .rite  cpi.l..lc.   an.)  .■alcite. 

.Vniy»r.lal..i.lal    aiel     taxiti.-     vaii.-tie-.    -iniilar    to    those    of    the 

,„,nnal   aiale-itc  al-o  ."-cur.  whh-h  arc.  la.wcv.  r.  alway-  p...-phyritie. 

rnvnn.'nlal   rarirl hs.^    Iliero  arc  as-o.-iatcl   with   the  thiw   rock- 

laiinen.n-   frai:n;ental    vari.'ti.-.       Ihev   vary    fnni   tine  y-rain.'.l   taff- 
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iiil  illi;ns    ^  \N'  Ml  \i;ii   |>|.\M) 


III  liri'i  I'lii'^   wi 


t!i   iiu^'ulai-  friitfiiioiiM  of  vulcaiiii'   rcu-ks   up  to  scvenil 


•lio    ill    iliameter    (-er 


I'liitr  VI  I.    r 


it'\    ;iri'   I'liiiiiiumlv    1(1 


I'lii'i 


ili-h    uriiflierlllir.    ullllr    the    iiKili'    ilrli~r    lln-hl 


IcI    f 


r;'::in.  lit-    iin 


.1    llic    iiiMVtriliilni.l-    mill    ri!    ;iltpr(Ml    i  lui- I'    tin- 

I  red   wenllicriii^--.  Iiiit   ii-  a  yi  iiir;'!   rule  tin' 


ii'iuiil   iiiiiU'-itc<  iiri' 

•il    wi'iillicriiii;    triit:ii:iiil:il    v;iri<'ii(>-    ;ir<'    in    -trikiiij.-- 


.iiil nisi    "  itl 


till'   irreni    unit 
il   \ 


licriiiu    llinv -t\  |)f-.      'I'lii-    rriiirMMMiliil    vari'-iii'-    nl'   tin 


t.vpiiiil    N  .iiH'oiivcr  vnliMim-- 


iiro  ranl.v   -tiafil'ii 


It  >  tl'o  lili,f . 


rraL:iiirlil-    arc    -i»'n    nicr.i-i-npi'     f\aiiiiu:i 


tl'ill     tn    nil 


hull-    iiiuiiTal    a-    wril    a-    rm 


lii-ii-.-ia-    ail'     -iiiiilar    iiiiiii'iM 


I'U    ti-a^niiiiil-i.      'riu'    iiilT-   a-iil 
neks,    lait    an- 


ill, -i, ally     I.,     till-    111 


iiivaria 


lilv    iiii.n'     tclil-| 


l-|iatliii-.        riuv    art'    luuri'     altcrod.      and     1 


10 


.iiilar.v    iiiiiii'ials    nu-luili'    Ik'- 


hli.rili-.    i|ii.liil. 


ili'ite,    anil 


-ni'-itc.    wliK'li    arc    al 


liiirai'trn-tn'    -I'l-i'inlai-.v 


iiiiiioral-  of  tlio 
ll.iu  l.vpi-,  kiiiilin  ami  ln'iiintiti.  fii  cortain  "'a-^o-,  near  tlu'  inter 
,'iilaP'il   liiii<-.tiiiie-   111'   till'   Siittiiii    I'oriiatiiiii.   as   mi    tin-   -miiIi   -Imr- 

1   till'  t.vpi'   jiM-ality  of  tliP 


Ciiwicliaii  liiki',  lii-twcfii  Cri.t'l  i-ni'k  ai 


Nutliiii    ton 


foriiiatiiai.    tlip    tuff main    lar^''-    frafriiMiil-    ul'   liiiU'-itoin'. 


il    -LMi.iuhirv   iiilciti'   lia-    al -I    cniiiplt'ti'lv    n  plu' i' 1    i! riiiinal 


iiiinira 
tixtiire. 


1>   .if   till'    iiitf.   liiil    witl 


t    iiitii-i'ly    ili'-li-iiyiiiu    \\ 


il,'   Tiilf.s.-T 


iiTi'   ai'i'  "'Npi 


il    ill    tlif    vi 


ilv    of    Fiiilay-iiii 


rill  i>f  Saaiiich  inlet  in  tlic  II ifrlilaml  ami   Malaliat  ili-triets.  a  sieric 
f  friifni'.eiital  mt-k-.  wliii-li  arc  -tratitic.l.  Init   apparently  nf  volcnuii 


tray 

'rii;iii.    am 


1      wliiel'      I'l'iita'ii      e-seiitial     ipiart/.    ami     arc    llierifn 


■il  a-  iliirilc^.     'I'liey  re<ciiil>lp  certain  typo-  i.f  the  Sicker  soric-. 
irrelatel    \vitli    tlieiii.      Tlioy    are    -ecu 
II   ciiltiiir.   titni  to   meiliuni 


ml    cannot    at    present    l>e    v 


iiic-a^cnpicH 


urainci 


lly  to  lie  ilark   to   lifilit   tii 


I.  the  iil<ir<    inctaiiiorpliosod  iioili^  -liity   in   anpearanco.  clearly 

-tratiticd.  and   < iposod   of   annular   frasrnicnt-   i.f  quartz,    fdd-par. 

ami  a  dark  dierty  rock.     They  are  ii-iially  cut  liy  ipiart/  and  ipiart/- 
fcld-par  veinlct".  and  are  iniprcKnatcd   vvitli  pyriti'. 


.l//.;o.vro///''.- On     micro-copic    cxaniinat  i"ii     they     arc    -ecu     ti> 

,,,i,,i-l    ntially    of    nuart/.    pla^'i..l•la-c    and    .irtlioidase    fcld-liar. 

I.rouii  l.iotitc.  ka.din.  ami  frairiiicnt-  nf  a  -ili.ioii<.  mii-rocrypto- 
crystalliiic  volcanic  rock.  Tlic  accc-Miiy  eou-titiicnt-  arc  niapipfitc. 
zircon,  cpidote.  chlorite,  and  i-arhonaccou-^  matter.  Tlie-c  are  m.t 
readily  di-tinfrui-haMc  from  the  niimcriiK  -cc.imlary  niicoraU  which 
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A«  BtBted  al.ove.  the  frag>nent.  an,  an.an,  .      I  u_  U^J' 
a.na,no-n,otan.on..-o,.  ...a.;  ;;-; -;:  ^     ^,  i:!.,,,.  ,  exposed 


I'lii.    ill    (liaiiii'tei'. 


with   fraKKieiitH   up   to   -   or  M.Unathic  rovV,  and 

eon.i.t  of  a  white  weathorin..  ,.r>ptocr.vstallu,e  ^^^  „,^, 

occur   in   a  hla-U,   fine  .nun...l   .rou.M.nn.-.        W  r    ^    __ 

.hite    fra..ucn..    and   hU..;U    ^••-;"  ;;;X J^,:  L.  h.^-aor.... 
...ceutuatod  by  thn  fra.tur.n^  and  .hear.nR  th  '  ^         ^^^ 

,„i,.ro.,>opi.'  ,.vau,inat,oM  ...  •■..MM.t  Y^'""'    :,,,„    ..„,,„„„,   ,ith   .ar- 

!•"■- ;;;:::::.      :,:  ^';;.o..o;i,.  ..■.  ^hi-.  a.  irre..daH> 

!"  ''""■  ,;    ^..    i-,„-    irregular   veinliU,.   r..phu.ona.nt.    .n 

„„,r..rown.     <.»"•'''■/:  in„x>rt.nt    ..roudary  tn.noral. 

,1,..   fn,.-nn..n.^.      Scv.r.to   ,>   th>    onlN         I  ^  ^        .,,„t  siliritlcl 

Tl...  vo,.U  ha.  l.n-n   ,lvnanu,-n,.tan,orpho>cd   .  n.l     >  ^^_  .^^ 

Ahl.,„u.^h   ..f   ra.h,.v   dout.tf.l   ..n.-u.,   -h.   v,..-k    .   ,....1..>". 

"t-'L  ^ ^.  -..--  '7':;-r"^'":-'-^'^ -■- ^ 

,,le    u.oro     -     '-  !  ;  l^^.^,,    ,,,^„„,;u.    ar.    n>e«as,.,nnca.,. 
husuh    porph>rit.-.      nu  ...raiuod  groundmas^ 

,,n,\  cut  hy  cnl.-it.-  v«-mlo1s. 

1  itinii    is    soon    ..n    luicTOSfOpi. 

.,.al,.i.  U.  he  -inuh.  to  that  o    the  ^^^^^^^^.^^    ,,,,   ,,,,.,„ 
.o„.UuenUareat.de.nean      o...n^-^^^ 

altered    to   uralito   and   ehh.nte.      M^  _^.   ^^^^    ^^^^..^^^  ,, 


soiTiiKKN  \\M.i\m  isi.wn  ,tb 

Miuk'sites,  mid  tho  suiic  "erdii'lmv    uiiiioriils  m'riir.     'I'lic  t<'Xtiin'  it, 
liowever,    distiiintin'.      Tlie    iimlc-iiie   oci-iir-    in    uiclp,    liitli-sliaiNtJ 

iTyftitl!",  diversoly  nrniiiiicd.  i.  liinc-  with  pri-imitir  lioniMoiide^. 

'riie  original    feiriic   iniiu'ml-    wcit.   however.   Int'ucl.v    inter  titinl    to 
tho  niidesine. 

liasalt  iiori>li!)i'i  rs.  -Kr-ii-'ially  wi'll  ..•xposcMl  ;il.  iij,'  ihe  ^'^\M  siioro 
nl'  IJarkley  sound  iind  Allieri'i  cimal,  althoimli  tlicy  oivur  in  oihii- 
parts  of  till'  i-hiiid,  arc  iiijr.-i<J  lo.ki  in  wiiich  the  fiM-par  is 
hvbraduritf,  M'hloiii  very  basic,  about  Al>t",  Aiitin,  an<l  aro,  tlienfore, 
ha-alt  rathor  tliaii  aiidesito  porpbyritps.  They  are  -"iiuihir  in  iae>,M-- 
ci.pi.'  appearance  to  the  aiide-iilc  porpbyritc-i.  but  t)i.-  phi  nocry^t* 
arc  hirjL'cr  and  more  niiu ;cron<,  and  tlie  latb--hHi>cd  c'haracter  of  the 
fililsiiar-  of  the  ;rroiiiidnia<?  incrc  pronoinn  id. 

Miero>iCopic. — On  microscopic  cxttniinalion  the  phcnocry»t.s  :irp 
-ceil  to  be  not  only  of  labru.ioritc.  liut  al>o  of  aiiijite  and  a  lit<hl 
iireiti,  weakly  iileochroie  boriiblciidc  which  oc<nir  in  rather  small 
-ubhedral  urain-.  The  e-senlial-i  of  the  (iroiin<lMiase  are  labrndorito 
and  the  li«ht  Kreon  hornblende,  and  i-omnionly  aufritc.  The  aece'i- 
^..ries  are  numerous  and  I:i  lar^o  amount,  and  include  ilinonitP  and 
uiaunetite.  titanite,  apatite  and  appavciitiv  ipiarl/.  Tlie  lahradorilo 
of  the  frroundniasif  occurs  in  lath-sbiiped  crystals,  with  inter-titiai, 
and  rarely  poikilitic,  hornblende  and  ausritc.  They  have  been  less 
altered  than  the  (low  rocks,  but  secondary  mineraK.  Uialite.  biotilo, 
■  III. .rite,  cpidote,  -.■rieile.  calcitc  au'l  leucoNeue  are  I'.iii-iy  .ibuud.mt. 

/.Vi.s'rt//  floii-hrfriia.—A  i)eculiar  type,  apparently  relatc-d  to  th«» 
basalt  porphyrite,  is  exposed  on  the  east  shore  of  Albcrni  I'anal,  * 
mile  and  a  half  north  of  Colcn  an  creek.  It  is  an  an^domerate  with 
an!,ndar  to  rounded  franuaMii-  of  volcanic  rncks  ranpinir  from 
aphanitie  types  to  relativ(dy  coarse  grained  basalt  iiorphyrites;  and 
may  reiiresent  an  old  volcanic  neck.  The  matrix  i<  dark  ureeti, 
aphaailic,  seen  on  mi<'ro.seopie  examination  tn  luiv.'  been  oriffimillv 
ylassv,  with  a  taxitie  texture  whicli  resemble-  tin'  texture  of  th", 
ni'ldod  pumice  of  YelUnvstono  park.' 

Melainorphism. — As  already  mentioned  and  as  may  be  ^eeii  fvi.iu 
ihe  jiclreRraphic  descriptions,  the  Vancouver  vlcanii's  are  all  Rreatlv 
iiietiMuorphosed.      The    n.etamurphi--m,    result  ini;-    in    the    alteratioTi 
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,, ril..-l    al-vn.     .!..■     -e.on.l.ry     M.ii..r..U    l.-in^    .a.iuliy     ur;.lite. 

..hi.,ri,..,..pi.i..to...i.i-. 1 -..n..i....  i^  ^•1... ";'7 '";'•;;  ^^;;; 

,.,U..-    ,.h..v    u,„l..r    .•..n,li.i.,..    ,..     n,.„l..r..t..    L.    -l.-.H.-    -l-   "'.-    ""' 

l..raa.   ,en.,..-r......      1.    1.-    I-Lal-W   ".^•"   P' '"'"-"    7' 

,,,n„K,l,..  f..l.lin.  .n,,l  -Wanu.  .lu.  .1.-  vol.nu,.  r..k^l.m^  U.H- 

„,„..    .Inrin,    p-n...!-    of    n U.m    l.nil.li...    - -.on.^.      Kxir.  me 

.,,-..-  .,,■  ,l,i.  .>,H.  ,.r  nu.t.nn...Tl'i-".  ■-'"'•  "'"  '^""•"'  •-"— ''"""-^ 
,,;,.,i„i.   int..  -Ii.'arr-l  -.wA  srhi-t..-.'  viirirlio^. 

^  |,„ri, 1-  -In-.o^e  „,.-.-vol...„i.-  ...•,■>,>-  t,.  tl-  uor.h  .t  th. 

,....,.1,    Kiv-r  l,.r,n.„i,.n.   f. I.-^tor-l   Ink,-   in    K-M-nn-lt  a,-.n.t. 

,:,  ,..r.l.„  .u..n,l.u-.     Tl,...v  .r.  .n...ni.h-^r..v  -lu-.o-.-  r.-V.  -.O .... 

•„,  ,..,„.,..,-i,i„„  ln,.n  .-...•U.  >i...il>.r  to  t!.e.  ..o,-„u.l  n.Hu-u,..loM  c.  a... 

.„„„.i„.  ,ntf-  ,.,  n,.-k-  ...M,M-,iu.  „f  ti.,.  ..»r..v... f  ...-ti-l...  :..wl 

„.,,,„..  wl.h  ,ri.ln,..  1  l.rv  .rt.  n,„lnll......      i  lu-  -!<- 

,,,  ,.K„  v,.rv  ..„„U.M...l.v  .,u„..n.li.o,l  in  ..  vMr.vi.,,  .l.rr.e    vv.,1.  ,..vr.t.. 

;,vr.h„.i..-.  ....1  .•l.nl.npyri,...  wl,i-U  „.-...•  i..  .li-....,in..-;U->-  ''■'; 
.„..Mln.-  v..i„l.-.     ■n..>.   ...-ks   ,..-^  in...  v..r,..n..-   wln.h  «r.-  .no,. 

.„„;,. .u,l   in   ,1„.  .k.-i...  .n,r-.  wln-l,  .,.■.■..,■  ..  .l..  ...rtl..  -len.. 

,t  i-pr..!,..!.!.-  .l.».  'Iii-  'M-  "'  ta,„orp!n-...  -.w  ..n,  .„.■  .oH>  to 

.unJ.i,. ••■ - i..-.  .1- i- - ;-:  »'"•  ■'-;;;; 

NV.rk  .li..,-i,..  .n,l  ,pu.vt.  -l.on,..  ...ei-..  ...u.v  l-e  .l..o  ...  pnr,   ,o  co.,- 
tiu-t   .i.rtiimo.pl.i-i...  , 

siu.ii.r  .vp.-  -o -  -I'-ni'-i  ^'1— ••'"•  '—""•'» ";;'' 

„,„,,,.,,,    ,„,,„.„„,,i.o-e.l    li,...'-.o...-,    ..e.r    in...„MV..    .nm,...'    ro.k.. 

.,.,,,.     :....!    ...i-.tc     v.inU-,-.        Tl.e>     -....is.     .In,,,-,     ,„.„oy     .,t 
l..„.,ku.v  -no,  .•.!- M,...ii..s  .•pi.^■•■^  -t'l<-n'-  -n-.'u.c.  at.1  .er.- 

„i,,      ,„„;,.    ,„■    1.-    .    ,.U.,r.l    l.v     Inte.-    .p.:..M/.    mul    .-.l.-.t...      N.....lar 

,,„..;,.,!   :,H,i   „  i.„.,vi,  .a   r.„.k<   .1 ....r  .1,,,,.  -l..y  —   '■'  tl- 

,„,,„„i,.,     -n,.  -.  n,,-..  ,aH/.v.l  .vp<-  vv.ather  r.pi.lly.  f.,r„.....'  a  tl.uk 

...„;„„   ,:,•  lin„„.i.-.  -In.-1.  a....M.,-   ,h,.  pr„-, .,.--.  1-1    -1-y   a.v  f.. 

|,„v    .r;,!,'   t,.  i"-  "f    vain-. 

„    ,i„„.,   ,1,..   ..„„„„■,    ,.w.,a,„„.-pl.i-.o   „f   .la.   «„U.a.>i.-_r.>e...h^* 
„,„,   ,,n.,h,...i  iu  .!»■  i.....-ala...,l  li,,..-.,,..^  >„  .1....  it  is  nn,,o^.bW 

,^    ,;„    i.    .,,„.   ,.:,..-    what    ^\ .-iplnal    r„.-k    wa..      An.ph.bohto.. 

;„r„.o.«    l.v    .la-    H>,.ta.....rphi^...    M    tla-    v„l.a.,i-     ro-k.     ar.     q«.f 
...„„„.„...       riMV    ,•.  ..■n.Ul-   .1.0-.   for,,,  .1    fro,.,   th-   li..,e.tones.   V.V'- 
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,  iiilU    thu r  ill"  Nitiiiiil   li.nnnliMii.  l.ni   iiic  rjlliir  iii..r'>  l'i'M-|inllli"'. 

.111.1    ( ii-i..ii;ill.v    -liuw    inirt-    (if    whii;    i-    ii|i|iiii<iiil'     iiii    nriuiiml 

|i..r|ili>  ritii'  'ir  niiiv^iliilniiliil   tcsliiri'. 

Till'  M.li'iiuii'  riic"k>  ill  llir  \iiiiiil\  ul  N'ii-tiTii.  ;iiiil  Iv.iuiiiinlt 
iir«»  iiiiiili  111. IP  t'liicnilly  niil.iii  iiriilin-i'il  lliini  lln'  ri-'  I'i  tin.'  Vnii 
iiiiivor  viili'iiiiii''.  'I'lii  V  ri.'^iiulilr.  ImwOMi-.  ilii^  <niitai't  ini'laiii'ir- 
|ilin-,i|  ixpi-  <lr-ciil  I'l  iilnivr.  mill  11-  tl,i  V  iirr  iiitriiileil  liy  ii\iiii<riiH'i 
iiiii-.r.  lit'  jrriiiiitii'  rm'!-;-.  it  i-  iirnlml'li'  lli.it  thr.v  ari'  nut  nil  oldor 
-irii-  III'  viili'iiiiii'  rni'l;-.  liiit  air  iniilai'l  iHrtaii  ■  rpli' -I'll  I'lia-*'-  iif  lli«' 
Viiiii-.iiivi'i'  X  iilraiiii'-. 

Slniihint'    ri  liiliiiis.     -!  nil  nui'.      '\'\.i;    \..l'liiu-    i'fTil-i\e    varii'tic-i 
i|    llic    \'aiii-i.iiM  1'    Milraiiif-   arc   aiiiiar.  iil  1^    i- .iili.niiali|i\   -iiii'f    tin" 

ami   rmjrn.i  iilal   variitii--  i ur  iiitcrlicildril  with  fa<-h  uthiT.      N'evcr- 

llicic--.    a-    iii'ti-il    altnv.  .    tilt'    Irairiiiriilal    varirlii-     nt     tlir     noniuil 
aiiilt'-itc>    iii-f    'clilniii    -liatitiiil.       Tlif    nlatinii-    .il    tin.'   iLuiti'    tiitT- 

uitli   the  iioriiiiii  iiiitli-iti  -   i-   i li-ar.  Imi    tin  >    iir"  prnlialnv    i  ni- 

I'nniialilc.      'I'lir    I'flali t'    tin-    -rlii'^tn-i'    varii'tir-    uliirli    m-i'iir    t,i 

'111-  iinrtli  III'  till-  l.o.'.'h  Uivcr  t'uriiialinii.  I'rnii;  r.aiiiri'oril  hikr  td 
.li.rilaii  iiioadiiu-.  i-  ih'I  'Irliiiiti'.  ainl  linv  ina\  niirc-riit  an  ulilir 
M  rii-  lit  viilciiiiii'-.  A-  airmails  iiiiii'iniK  d.  llii-  MiliMiiii'  rm'li-  in  llii' 
\'-iiil.\  III'  Vii-liiria  and  I'.^i|iuiiiall  arc  '•muiijcrril  t.i  In'  rmitai-I 
iiictaiiinriiliii-rd  plia-i'-  nt'  llir  N'aiii-niiviT  vulraiiii-.  and  tlii«  imihIii- 
-ii.ii  i-  -uii|iiirli'  I  li>  tliiii-  iirriirri-iici'  in  llir  -iriUi  i.t'  tin  VaiirmiMT 
M.li-aiiir-.  llicir  litiiiiltijfii-al  and  -Iriii'l  nral  -iiiiilaril.\  tn  llniii.  iilnl 
li\  ilii'  |,i-c  I'licr  in  li.illi,  i.r  lii-d-  111  -ill  ilir  i-n-talliiic  linic-lunr. 
Altliiiiiuli   llic    rraijiiiriital    varirtii-   indiiiilc  ix|iln-i\f  i-rii|itiiiii-. 

iin  I iirrriii-i'  ri-iiiildiiiK  nn  iiin'ii'iil  and  di'niidcd  viilfiiiiii-  THM-k  «ii- 

■li-crvf'd.  iitin  r  llian  the  lia-alt  Ijuu-lirpi'iia  dc-i-rilird  a<  uci-urfiiiu' 
■  111  llic  <a-l  ^Imri'  III'  Alliii'iii  canal.  Tlipr.  the  rclatinii-  were  imt 
.  Icar'.v  (ili-crvcd.  lull  the  lia-alt  lliiw-lirc<-cia  apiiarciitl.v  I'l  ri  i*  an 
iiijcilod  iiiii--i  in  the  jiiir|ili.\  riiii  iiicta-aiidc~itc-.  Old  lava  clianinl-; 
irr  pri'lialil.v  rcprc-ciitcd  li.v  the  d.vkc^  nf  andc-itc  a  ^d  lia^alt  pm-- 
I'li.vritc,  wliich  clcarl.v  cut  tin-  cffu-ivc  vnriitic-.  ■-  i  ::.■••,'■■<'.  tlic 
dyke-  dii  nut  ap|M'ar  tn  lie  very  iiiiiiicriiii-^.  li  =;  ■U*-,  a.i  c:>'ly  iver 
l.ii.l-,cd. 

On  accdnnt  nt'  the  ina-i>ivc  and  iiictaiiinrpiric  cliaracl,  ,■  ..|'  llic 
\'aiie..u\er  velcaiiies.  their  atlilndc  i-  ranlv  dfte  ■.:incd  cy  dirn'' 
iili>crvaliii'i.  'I'lipv  have  a  poneral  -Irikc  parallel  In  -u,,  {■'  tiie  n '' 
>\lii.|i   'liev    nnderlii,   that   i-   aliniii    ,N    I'l"      W.      'I'ln-  d  ,-   arc   r.,ipai- 
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„.,.  .1,,.  'I'l  1  -  .1-t.Tnm.r.l.     Tl.e  r....or.U.."  -tfU-.  ..l.tau.o.l  .l..ort> 

,,,.,.    „,..    l..l,|,  i    1r...,n.-.,ul    typ.-..   ..r-    .,-...ll,v    in    .!.«   uorihw.^t- 
.,„.„,<.a-t  .,....,!   an.-.  In.,   to  tl.  .ou.h  ...    .1...  ....ar.l  ,w.r,   of  (  mvP 

,.huM  lak,    ,l.n  tuir..  .1 an,!  inUT^ula    ,1  li,n..,.n..  "t   "-  ^;"  «" 

,,,,„..,i.,„      ,„U-    n..r.h-..u.h    ...    n.„-...-..M...n.l..o,..      ^..-H    t-hk. 
„„,    „,,,..   ranlv   ,..,n...r.i..n      .,v   .a   l-   -m.    i"   plao-       F  .on,    .1.. 

,,,..„•    ovi.l.u..     ..    i^    in.K,M,.    tlml    .1..'    V.H .v..r    v-.l-anu,    uro 

..loselv  i..!.h-.l   ....  ifl.^^'    '"!>'  r  than  -nn.ll  f-.M-  -li--  "xo.  Imve  u 

„„„..,,;  -,riU.    ..arall...  ...  .La.  ..f  ih-  .oMllu-rn  v  r.  .,f  the  ..  .n-l. 

"        1  1,.>  volcni  .-  an.  j..in....l.  Krca.l.v   f.u.l.cl.  n,..|  -hoaml.    ar«..|> 

..vin^f  U.   .bo,.n,i..    nu.n..      V.-'v    .•.-■.Iv.   a-   ..n    Moun.       ... 

Uu u.rn  Mah t  .H^lri-t.  th-  r-.uluri.y  wl.i..!.  ,^  ..l-ervc.!  u,  th,^ 

•,;,„;„„    .,„,,,.,,.   ,!„,(    it    ua-   lormnl  .lurinu   .lu-  - li"^  "f  """''* 

I,,  .       I  .      „l,-on...l   fault-   w.r..  l.-.l.   -M-nnal   au.l   ...v.-f..!    an.|   ... 

lar«..r  fault-  u,-,  n...    ...a.lilvr .ni....l  ....   a ,.n.   of  M-  LtW 

;X..l  .i....l..n.>      Ml,e  v„l..a,.,..-.     T...  -..•  ar  ^.  v.,1 ..arc,...- 

..in.  of  ....art.  Mua...     1  ...i.io...  ..,.1  -uL-.o      A,  ....e  W..!      • 

,l...l...,l..f.;..r ,  riv..,.  .„.„■   i,- > t   .1..W  ...  — ""■ 

,.,„,,,„.„  ,„k...  tho  sl,..an..l   v„l,.a„i..-   an    ....   1.    .rn-^rn  ar  vo.n. 
■,,ot  or  sliKh.lv  M,.,r,       =   wi.lth.  ..f  :...  opa.......  .■..■an,-oolour.-d  ..nul. 

The  ..pal   is  >e..n  on  nu.r P. ....i-'' .....r  .n  trn-... h.r 

,,.,ln^.    «o.no.i.ntM    wl.l,     a     .iU....-    s.r,..-.nr..     an.)     nno    alo...    l-  • 

,„,.,in,nn.T,     Sori.-i.e.  wi    .1,   ha-   hu-.-.U    alt..r,.,l  to  Uaolu..  and  .-al- 
ii!(>  aro  nlso  present. 
,vr,Mxs..  l..:l^^..^>    .-..or......    .,mh.:...  ...     nu    v  ^s,  ...  VK.t  -mov.-. 

•n,,.  Su...,n   lonna.i.....  whi..l.  -on-i-..      I    ll.'         -.T-alate.l  lin.- 

.„„„.,  i„  „,..  Van,.o,.v..,-  v.,!..ani.-  i-  .-Vafl  .nfonnal.l..  tn  a 
„.n..ral    way    wtl,    th,.    voL-ani-^        A       U--u..  A         1  .r  .-.-.    ■-.'.- 

.1  ,..,.1      'ir..    howi'Vor.   I  -i.allv   inlrusive. 

f.irnia.i..ii.  tlio  .■.uit.ut-   ..n ,  no\M,\ii. 

,■,..   >  uinat   f.>nn.,     •.--   .o  .!„.  south  .t   .1.    w..s,ern  par. 

.,,•  the  h..l.   of  .ho   V«.,.onvPr  v..l.«ni.-.     As  nlr-a-l^    .lo^-r.br.l.   .h- 

,.,.,.    al.h.....i,    '      .t-'l    t    "IV    a.-.-:ra...U.    wa>    ,.,.    a-l.taH .    •  .■ 

,.rv...l  I.,  th..  wo-t,.rn  p...-..H.  .ho  rontm-t  is  nu.rk.l  hy  a  vallov. 
,„,  „,,,,  .,.  ..,„„t..d.  !..  a  fa..lt.  In  tho  o  .ton,  por.ton.  on 
,..,r,h,n    riw,..    -h,-   s,.  .h..n,    , .a..    ..f     .h..    v..l..:„„-^     :-    -'h    .h. 
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Siiaiii'li  Kr.iiiiiiliDril''.  whi'li  i*  inini»ivi-  ililu  Imtli  the  Niliiiut 
t  .rmution   iiii'l    tlwj   \  uiicoiivit   vulcaiiiivi.      Tlir    Niiiitut    t..nii.iiiu 

,t|.|H'.irii  lo  It' if'  rmui.lc  in  -tin.  uin-  wiili  tin-  Vaii'-..iiv*T  \nl.>iiiii.  -. 

uri'i  f'T  tlii-  mi.l  other  tli.on-lii'al  riu->ms'  thu  Nitiii.it  '..iriimtii.ii  i- 
.■oimiihT.!.!  |.i-..vi-i.>ii:ill>  to  lir  ii  i':irt  ol'  ih.'  Viini-.iin •  r  ur,  hm.  ..iii. 
ihiTcii.rc,  (•..nrdriM.il.le  with  th.'  Vmii'-hivit  vch'iu.i.-  It  is  «ug- 
m;*U-\  llmt  it  imilcrliei  tlio  \cphaiiir-i.  uiid  thiil  th.-  ;iinli'>it>'  por- 
|ih>nt.'  il.vlo'.  which  cut  it  uro  tn  hi'  (•(irri»liii-Ml  «iih  Vn,-,-  ,.f  tlio 
viili'iiiiif*. 

Tilt'  Sjck.T  -.rif-  form-'  n  toiiifu.' shii|M.l  dim--  iu  tho  riMitnil 
l.:irt  .'l'  iIk'  hell  .if  ViiiH'oiivfr  voh'iiiii'".  t\lcM<iiiitf  r,<-t  from  Salt 
-piiiiu'    i-!.iii'l    t.i    north    of   ("oui.'haii    hiUo,      It    .•.iiitiiin-    How    rnrkj. 

ilio  i-.Tplivrili--  ii.iiilf!  aii.h'sit.i.  tytii.-al  of  ihe  Va "vor  \oh-imi''-. 

whi.h  ar iif  .riuahle  witii  r.'.'ks  of  the  Si.-i<er  -.rie-.     As  alrondv 

inciitioiieil.  llie-o  poroh.vritii'  au(filo  an(k!<ite-  nro  -o  intii.iat.  l.v  inter- 
lie.l<Je.l  witii  tlu-  Sieker  serie,  that  in  "onie  <■a^■-  tliev  eoiihl  not  h. 
uiappe.!  soi.arately.  Since  the  Sicker  ^.eriiM  upparentiv  uraiii"*  iip- 
...ar.l  into  reiativil.v  iininPtaiU'rph.- ■!  «eilinient-,  it  i-.  to  Im'  pre 
Miiioil  that  it  overlies  tlie  Vaneonvcr  v.  leani.-t;  hot  ther  are  ..ert^un 
..l.ji'i-lii'ii-  to  ihi-   i.li'a   (-•«•  I  aui'  ''•". '. 

N'o  siruetiiral  nOalion-  liit\u.>  n  'lie  .Mi!teh.>!^in  an. I  Vancouver 
\'i!i-anie<  coul.l  !»•  ih.ferniine.j.  -inee  in  llu-  southeastern  part  of  thi> 
i-l;inil.  in  Ksuuiniult  liiMriet,  wtiieli  is  the  onl.v  phiee  whero  tliev  arc 
I, ..I  -epiirateil  hy  the  beeh  l{iv.r  f.irination.  the  eonlaet  in  eov.'re.i 
In  I'ne  thick  (lei>o-it  of  -an.'  an. I  sravel  of  the  Ciilwoo.l  deltn.  Tlie 
iwo  ...deiinic  formations  ir.'  tinlike  iMtrofiruplii.'ally.  ami  the  Van- 
.iiu\er  voh'anii--  arc  very  n.ueh  more  metaiiiorpho-eil.  It  i-  !»Ir'iiJH:i> 
MiffKesttcl,  tlierotorc,  that  llw  Vaiie.iiiver  voh'ani<\<  are  ohier  tinm 
ihe  M.teiio-'in  voh'anics.  It  ha-  licen  il:o,it:ht  he^t.  h..\\ever.  to  place 
ill,.  \Icti-!i.-iii  volennics  prnvi--..nallv  wilh  Uie  Van.'..uvir  >ir..np. 
.lit   tl.i-v   are   nhnost    assnreill.\    ii..t   eonformahle   »!'•'    th.'   Vai'.-o'ner 


/."./.I  (0(1   /()  ul'hi-   fonnnlinnn.     To  the  south   ■<{  th.    Vanciivcr 

-,,,l,iii  1     .    i'l    <■ a-t    cntral    ;>ai-l.    from    <  L.M-n  v^iin    riwr   I..    Siii. 

Iii.ni  river,  is  the  !..  ..eh  Kiver  fonnatinn.  In  tlie  >•  .st.  rn  part,  the 
..ail.i.t  I'  a  .supp..-icl  fault,  which  occurs  ahuiy  lli.  ii.>rthi'i-n  sh.po 
..f  th,  ujipcr  part  of  the  San  .luan  valley.  Ahmir  'lie  oa-terii  part  of 
ihe  e..nt.i.       from   ( inlilstream   river  t..      .--t  .f  .I.T.Ian   mea.lows,   the 
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rnrk-  u,  tl.c   11. mil   ..I    tlir    1. li    Itiv.T   loriiiali.pii   aiv  llif  -,iii-t.,-o 

\;iric>li(-.  V,l|..-l  rrlillinll  uitll  tllr  ll'inilill  iiirta-niiilr-iti-  1-  ilnul.l  fill, 
■lin'ii-  nhili..M  >vitli  ll.c  L.M'rh  Kiu'i-  Innniitioii  i-  iil-n  iii.lcliiiilc. 
In  tiif  vi.  iiiily  ..t  .l,,nl:in  naa.l.'V.  ~  tin  v  ii|i|MMi-  t..  l.r  iiilnld,-.!  witli 
tl„.  l,,.,-.h  Kivn-  -!iil.-.  uilliMiit  any  a|iiiar(-t  faultin-  „r  miroii- 
|-,,iiiiil.v.  a-  i~  nil.'  fartli:  !■  .a-l  al-  .  alllM.ii«li  llinr.  ii..  liilnM-  wciv 
..I.Mi-vcj.  At  |.n-,'iit.  -inc.  ill.,  -rhi-ti.  ;•  \..l.-ani.-  arc  clo-i'ly  rt- 
lau-.l  lil!i..l...j'hallv  aii.l  -tna-t  iinilly  t,.  tli,'  Van.-.. liver  v,.l<.anics. 
■  vhicli  iippcar  ..11  Ihr  ulinic  t..  \u-  \,.iii-rr  tliaii  tli..  l.r.'di  Uivfr 
l,,rnia;i..n.  it  -  ,  iii~  l.c-l  t..  .-..ii-i.!.-  tlic  -.-lii-to-.  v..l.-aiii<-  nnil  tli.' 
I,ei<-li  Kivrr  r..niiatioii  a-  l.cl..n^!in^  tn  .litTrivnt  i;r..n|.-.  tlir  >''lii-^- 
liKc    \..liMllii--    lirilii;    llic   yi.l'llj^vr. 

/,'    .///()(.   lo  iioii'ii'fi-  foniialli'iis.    Til.    Sai\ni.-li  yraiinilinrit.'  iind 
it-    ivh,,,,l    i.liit..ni.-   rock-   an.   drarlv    iiitniMV,.    int..   tin-   Vaiu-ouvcr 

v.,l.-anir.-.     'I'lu.  i.liit.ini..  r....k-  r  '-liii  llv   i"    im  u  iih'r!      ..titlino.l. 

-n.all  l.atli..litli-.  wlii.-li  liaw  l.c-ii  r.riilit...l  al..n;i-  tw..  main  axo<.  a 
...uthrni  an.l  a  ii..rtlu..n,  tlir  -MitiiiM-ii  l.atli..litli-  i..inu-  intrnsiv.' 
inl.-,  Vanc.mver  vol-'anics  only  in  tli.'  -.iuth..a-t('rn  part  ..f  tli.'  islaii.l. 
Small  >to.-k-  an.l  l..i-<-  nl-.i  .n-.-nr  l.rt«<.-n  tlio-.-  main  ax.'^.  I)i..rit.. 
i-  -..m.^tim...-  th.'  .-..nta.'t  plia-.-  ..f  tli.'  intru-ivf  !.atli..litlis.  but  in..f.. 
.•..mm.mly  it  i~  a  .luarfz  .li.irilo  ..r  i:raii...li..i-iti. :  -..  that  th.'  v..!- 
.•aiii.-  .1..  not  ai.pcar  to  have  atTp.-t.'.l  tlip  inva.lin;.'  mafrnia-  a-;  tlic 
Xifinat  lin.-t.m.-  liav,'.  At  th.  .•..iifa..t-.  intru-ivo  p  .rpliyvit.-. 
iliiart/.-lVl.ls|iar  or  uraii.i.liorit.^  iiorpliyrito  pr...l..niiniitiiifi.  ..•■'■ur  a- 
irn-iiiilar  <lyk(-  in  tli.>  invii.lo.l  v.il.-ani<'  rocks.  The  hatholith-  have 
yr..ally  atfo.'t...!  the  inva.lo  1  v..l.'aiii.-.  n\..1amorpli..-iiiu-  llaaii  t" 
M'hi-tose.  -ili.-iti.i!.  an.l  min..raliz..,l  \ari<'ti..<.  ami  aNo  to  aniplii- 
bolites. 

The  -.'.lim.T.larv   i k-   of  th,'  C.ui.-han   -.-..ui.  whi.-h   an'  seen 

i ,„ta.-t     with    th.'     Van.'.iiiv.r    v..lcanies    an'    pr..hahly    .if    ih.' 

Xaiiainio  f.,nnati.iii.  They  an.  nn.-onfori?:al)l.'  iitM.n  the  vol.'ani.- 
aii.l  eoar'-e  ha-al  e.mslonierale-  ...-.ur.  nia.l.'  tip  larM-ely  fr.mi  dctritu- 
of  the  rock-  ..f  th.'  Vaiu'.mver  sin.iii'. 

The  ni.Hle  ..f  ..rigin  ati.l  ai:.'  an.l  .'..rn'tatioii  <.f  th.'  Vaueonv.'r 
v.il.-anics  i-  -..  .-hisely  as~..eiat.'.l  ^^  ith  that  ..f  the  iuter.'alate.l 
S,itt._.n  lini.-t.m.-.  that   it   i-   .li-.-n-.'.!   in  .•..nn..xi  a.  with  tlu'    .ruip 

■i,,,!  aye   an.l   -.'lati.iii   of  tli.'   Sutton    f..rniation   in   the   followiti: 

.^.^cti.iii. 


%?^iviMm'^m.. 
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Iiitcri-iihitril   with   ilic  \',ii!ri.iu  .r  \..|'imii'-   mi     iiniiirrii'i-  |i|i-i-- 

mI  ,  I'V-tillliril'  lill  r-lii|n-  ..!■  liull'lilr.  I''r.i|il  .ilii'  ■'!  ll.r  ll'h~i-.  i  \p..-l'il 
Mil    tlir  -.■utli   -111. re  i,(  ( 'i.w  li'liiiii    l:ik('.  :)   iiiilr-   wi'-l    ..l'  Siitl.  n   .-n'.'U. 

.li'li'i'iiiiiiMlili'   |..--il-   uii lli'.-tr.l        111.'   t'iiuiia   li:i-   I'l-i'ii   ili'trniiiiu-.l 

;i-  \',\\vr  .lmM--ii-.  iiimI  tnc  \<c\\-  in  uliicli  tli.'  tn--il-  ...-.■ur  Iuim'  l.ii'ii 

ii;i:i:,    I.    iVi.iii    Siili ■!■(■,  k.    ill.-    S11II..11    l.ii  iii.il!..ii,       li     ■-    |.i-  l.;i'il  ■ 

lli;it  llii'  ■.tlifr  liim-[..ni'  l.'u-c-  nl'  -..iitlicni  \';in.-..ii\  ir  i-hiii.l  arc  ..f 
ill.'  -aiiir  ..r  Hourly  tin-  -ainc  aur.  aii'l  tin.'  >  ■.11  f..r!i  ;il  i..n  i-  i'\- 
|.iiil,,|  |jri.vi-i..Mall.v  !..  iiiclii.l.'  all  ..I  lli.'  inti-i-.alat.  .1  liin.  -inm-  in 
til.-  \'aiif.iu\cr  M.li-auii--  i-i  >'iiillii'ni   \'aiii-..n\  cr  i-laii.l. 

Ih^lriliiiliixi.  'Wif  liiiir-l.'ii.  Iiii-c-  .-. .11-1  inn  iii'j  ih.'  Sntti.n 
t'..VMiatii.ii  liav.'  a  ui.lc  .li-lril.  i  i..ii  I  lir..ii;;li..in  tin-  1.  li  ..f  N'aii 
.'.iiivi'i'  \  i.lcaiii.--.  (.'xc  pt  ill  llir  n.irlli.'a-trrii  |iart.  |..  lli.'  uc-'  .•!' 
Xaiiainio  ami  l.aily-liiilli.  \.  Iiirr  11. ■  liii  i-Ii.ik-  wit.-  ..li-.-rvtvl,  '\'\:,'\ 
an-  c-pi'cially  well  ili'\  rl.i|i.'.l  t..  lli-  \u'-t  ..f  K-iiiiiiiialf  liarli.'iir,  mil 
.■xtiMiil  i'p.iii  tliu  vii-iiiitv  1. 1'  K-iiniiiiali  aii.l  \'ii-t..ri,i  |..  AH'.-i'iii 
.anal.  IJi.-liafii^.in'  iTi-.ir.l-  -iiuilar  l'.i--ili  I'l-n.n-  linii'~t..n('-  l..  tli. 
iM.i'ih  i.f  AUiprni,  an.)  in  tlic  vii-inlly  ..|'  lli.i'iii.  lake,  "-  mil.-  mTili- 
I  a-1  .if  Allicnii.  'i'lir  Ifli-i-  ari'  nun. it.. n-.  Iml  -inall.  riiir.'  ai'.' 
.ill].'  :U  liT.-c-  ^h.l\^ll  cm  till'  a.-nmipaiiyin;:-  map.  1>  it  in  -..ntln-vn 
\'am-.ui\('r  i<laiiil  tlii'Vc  arc  proliaMy  "oil  ..yor  loii  1.  n-o-  which  arc 
.".o  t',0)  ..r  iimro  in  whlth.  ami  hc-i.l.'-  lln-i'  lai-:;i-r  I.ai-o-  t!  ti-  arc 
ill  the  vulcanic  and  intni-i\c  |j!iil.>iiii-  r.ick-  many  im.r.  -iiiall.r 
..11.--.  -iiino  more  traiiinoMt--.  a  t'.i.'t  ..r  na.ro  in  iliamcicr.  'I'ho  lircalcr 
imnilicr  .if  the  loii-o-;  a-  mappcil  arc  o\at:fiorato.|  in  -i>.'.  a-  they  arc 
.'Illy  a  few  linmlroci  toot  in  width,  ami  cm'-ipiartcr  t..  ..111  half  a  mile 
ill  length.  Tlio  lar^ic'-t  iiui-»  that  wa-  moa-iiro.l  i~  ..vor  a  i|iiarior  of 
a  t'lilc  in  width  an.l  a  milo  and  a  half  in  Icnfjtli.  and  c.\tcn.l-  wc-l 
M-..M1  l'!-(iiiimalt  harhcur  t.>  Culu.....!  plain,  .\millicr  ma--  pr.ihahly 
a-  larui'.  hnt  which  wa-  ..l.-crV'd  nnly  at  a  .li-tam'c  f..rm-  the  lai;;er 
!i;irt  of  I.imestone  nmnntain.  -itiiate.l  at  the  headwater-  ..f  Franklin 
ri\.  1'.  7  mile-  wo-t  ..f  .Uherni  canal. 

J.lllioloi/i>'il  rlmnii  Ici-'-. — Th.'  lime-l.im-  ef  the  Suit.. 11  f..rma- 
'i.'ii  are  all  ory-tallino.  Tliey  are  ehiotly  yrov  tn  Hroyi-h  hhie.  nmro 
rarely  white,  e. impact  t.'  tine  .L'rainod  niarhlc-.     At  .me  h'calilv.  that 

'  .)aIlle^    Kuliard-on.      Coal-fieUl-    of    Varicoiivcr    ami    iJiU'hii    Charlotte 
i-!, 111(1-.     Hi'pt.  of   l'i'<i(;r.— .  l«7'J-7:l.  ( i"ol<.i,'i.'a!   Suivey  of  Cmiaila.    |ip.  ."iJ-'iti. 
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win  I-.'  til.'  lV,.-il-  ,-pre  l'(. 1111.1.  ..II  the  -.utli  -Ik.iv  r,(  Cduii'liaii  lii'^f. 
:l  iiiilo  v,r-t  i.t'  Sutfi.ii  ci'i-i'k,  ill.'  .i-i!:iii;il  '-Imnii'tiT  ..f  tin'  1iin.--t..ni' 
i-  -till  |rri'-ci  \ .  .1.  Tl'iir.  .  I".'  !  0.1-  iMMur  \' liii'li  iivo  t'l.riiir.l  ciitiri'ly 
..I'  .-..niN,  ninl  ;iri'  il(iiililli-<  ..1.1  i-..rul  i.-.  I'-.  ■Prtuoen  llii'  I'orjl  lio.l- 
;in'  >tiMta  iviiiipi'-cl  ;\liii..-t  iiitivph.  ..I'  -in:. 11  rriiuiiipul-  nf  falcavrnii- 
..rKiiiii^iii^.  that  1-.  tv|ii.iil  .Ml.Mv.'iiiti-.  Iiiicr-lrntitl.'.l  witli  tin.  cal- 
.■avpiiitps  avp  I'.'iK.  'iiic  vi'r.v  tliii'k,  i-..iiip..<i'il  c-liipfly  ..f  polcyp...] 
-liells,  wliii'li  i"..riii  a  vorital.l.'  .-.Liiiiiia.  Tin'  liini'-tipiir'j  wpatlirr 
.•liaraptpri-tii'ally.  (levpli.i)iii<;-  -..luti.m  li..l'.>u<  villi  -inootli  -iivfafc^. 
and  >;tiiall  kn.ili-liUp  prctiilieraii.c -.  Tiny  are  vorv  frcMiU'iitly  lirc'- 
.■iatcd,  aii|iai-ciitly  l.y  .lynaiuii'  I'.ircr-.  ami  rci'i'iiipiitp.l  liy  f.'.lcif.' 
veinlets. 


.l/(./ov(oy(/c.  -'I'lipy  art'  -ooii  uii  luii-r.p-copif  e\auiiiiati.>u  l.i 
consist  essentially  ot'  puicite,  or  ma^iip-iau  I'aldtp.  in  smiill  fii'aiiis. 
soiiH'tiiues  nni'roscoiiic  in  size  an.l  tivnily  c-pnicntcl  togetliT.  Acces- 
sory or  sfconiiary  constituents  arc.  in  many  of  the  liir-et^tonps. 
virtually  absent.  In  others,  small  ani. .tints  of  artrilhicpoiis  and  car- 
Konaccoiis  matter  opoiir,  and  frp(iiiently  a  small  amount  of  pyritc  in 
minute  cubical  praiiis  is  present. 

Near  the  contacts  with  tlic  intru-ive  iiliiMiilc  rock-  the  marble- 
are  coarser  g  >i"cd  and  corre-pnndinffly  lighter  coloured.  Calcite 
is  -till  the  i.nl.x  essential  mineral,  and  the  -rains  nre  always  tlrndy 
cemented.  Pyrite  is  ni(.re  abundant  ami  oi'.urs  in  larper  ;rrains  ui> 
to  2  or  :;  nun.  iu  diameter.  .\t  time-  lif;lit  coloured,  coarser  ffraine.l 
lenses  and  zones  occur  in  the  darker,  more  compact  n:arble.  Wliere 
still  more  affected  by  conta.t  metaniuriihism  -mall  .liop-ide  ^rain- 
oceur,  that  freipiently  have  been  altere.l  to  a  vhite  wpiitheriiu; 
(iliaquc  serpentine;  and  the  oriiiinal  ararillaeeou-  matter  has  be.  n 
reery stall ized  to  spricite.  Mn'iiictite  as  well  as  pyrite  is  u:-uallv 
lu'psent  ill  these  varieties. 

The  following  analysis  is  fumi-lud  by  Mr.  Adolph  Xeu.  chemi-' 
with  the  Vaiicoiiver  Portland  Cen'.ent  Company,  and  is  an  averau. 
analysis  of  the  purer  limest..ii.  s  from  the  quarry  at  Tod  inlet;    - 

Calcium  carbonate.  t"aC'(>^ OT.Siwrcint 

Siliea.  SiO ...        1-1 

Iron  oxide.  Fel> 0-8 

Mapnesia,  "Nfs'* trace 

Specific  gravity c;i.       S-f! 


M'l  I  iii.u\  \  \\(  Ml  \  I  li  1-1.  wp  i;;! 

I'wo  iit'ior  iiii;il.v-u-  .■!'  ilir  Sii'inii  lini'-li'iif-:  and  imh  hi'  lli'' 
Xiilii.'i    lliiii-tniii-.    i..r   iMiii|.;ii-i.i,M.   m-r.   LiiM'ii    l.il'V:  : 

1.  II,  111 

(■;llrimil     r;ivl.n|ult.\     CllCO 'X.  ■:]:.  ^Cl".*  'M\.-<.\ 

Miimie-iiitii   railK.iiatr.    MgCO, :•     5  i>.  |-j  u.  1:; 

Ferric  o.\iiii>  aii'l  aluininn.  Al_,(),  and  Fcp  •    '  !    li>  n-4'^ 

In-olul.li'  iiiiMTal  iiiatliT 105  U---  J.i'.l 

Suliiliiir.  S tracf  0.4-J  O.iH 

l'li.;,-<rli"ri'''-  1' '""■'■  "■'^-  "■•"■« 

1(M».:!1        tt:i».|:',       iiHi.:;i; 

I.  Siitf.iii   t'liriiiatii'ii.   no-chaiik   Lune  ( '.■iiii'any"-  <iiian'\.  "lu'-lialf 
mile  wc'^t  of  F-;qniniii1t  liiirboiir. 

11.  Siiitoii    forinafioii.   >outli   shore   ot    Ciiwicliaii    lake,    liiterl»'ddi''l 
with  fossiliferous  hod-;. 

ill.   N'iiinat    fiTinatinn.    wc^t    shoro.   .-DUthi'ni   ind   .d"    .Vitinat    hike. 
uiiitlina>t  of  Indian   n  ■^orvatioii. 

!•'.  (i.  Wait,  Anal.v-t;  ('lioiiiist,  Mine*  Krandi.  Pep',  of  .Mine''. 

.\lelaiiioriihixiii.-'Diop>>idi'-  pidole  varieli*-:.  The  d.vnaniii' meta- 
niorphi^iu  that  thf  Sutton  limestom-;  have  undorgono  ha.-  luly  served 
to  <r,vstalli/.('  them  into  niarhk's,  hut  near  the  ininisivr  pranitio 
rocks  their  mineral  and  elieniieal  I'oinpositiiin  ha-  lieen  preatl.x 
ehansed.  an<l  tlie.v  iia-s  from  the  sliph'l.v  coiitael  inetamorpho-ed 
varieties  described  ahove,  to  rocks  coniposeil  <'hietl.v  n\  iliopside  and 
Kari'ct;  which  in  turn  h:,.c  sonu'times  hcen  reidaced  !■>  ijuartz  and 
feld-par,  or  sheared  and  improjniated,  aud  more  ..r  le--  re|ila(ed  hv 
nicfallic  niinei-als.  The  least  alttM-ed  limestone-  i-onsist  of  c.iar-elv 
crvstalline  ealcite,  with  irre.srnlar  streaks  of  tiiie  jirained  f^reenl-h 
-ilieates,  which  are  -een  inicro-eopicall.v  to  he  ili"p-i(h'.  epidote,  and 
(liiartz,  iisuall.v  with  son:o  ealcite.  Tluve  pa--  iiiio  v;iri>'fie-  in 
which  the  cah'ite  has  been  entirely  replaced.  They  are  dcii'^e,  licrht 
Rreen  rocks,  locally  called  felsite,  and  con-i-f  chietly  hI'  dioiisid(>.  in 
sii'.all.  sometimes  sub-fihrous  grains,  with  a  little  inter-titial  ipiarfz 
and  ealcite,  althongh  varieties  occur  in  uhieh  diop-idi-  is  virtually 
the  only  mineral  present.  These  type-  are  iisnall\  e  li  hy  veinlet-  "f 
Huartz.  serieite.  and  ealcite,  and  in  seme  in-tanee-  hy  hrown  nia--ive 


=:wej:!«  "■^.^L-sut." 


lU 


(;K<vr.i",l(  M.  -1  i;^i^  ■  "  V^M'^ 


,|„t,..  irre^'.il    .•!>    l.il-r^nm-.,   .ill.  mh.m/  .t.!  r-.^.-u-. 

ri„.   , t   .-on 'y,..-  ..r  .nul.in    ,n.l:uH,.ri.l,n-..,l 


•  (iiiniililt 


ily  a-^so- 


,i,,,e,,on.i<tiK--..-ii-i---'''i'''- -'''■■'' '-^7  •■•;''':'''      ..,. 


„'v„    ,„.,..,.„i-l,   l.r..wn   MU,-iv..  .an...  -u.    1-    v.  n,!,--  .1    MU.-^ 
.1 ^U.U. a   a,,.,   ,„a.„..a   ., '-■'-■!   --.:r:,,.i 


„.,.   tlK.n.Lil.   u^uallv   uraliular.   al-.   ."•-•ur 


iir-   111   -1 


iiiill  .loilci'alic'lnil 


:    •;;  ....0.       Xi. «-iv,.     .„.„..,     .     ...ana 

,    Ml  .viv,.  I  f.-.m,  tl-  ,lin,wi,l.'.  i-  nvnurntly  ,.r.  .out. 

,„  , iu-tan...-  tlu.  aWov..  ,u....,i....-,l  -aaa.-,   nu..a,u„n.ho>.^l 

•         ■  I    P„   Iv  n-ulw-...!  I.v  ,r.a-t/  an.l   U-M^\nn:      Hn-  ,.haM.  >. 

:.;;;; ':i^::^t::;.,uv„i ,.ii„.i,i......iao. u ..-V";: 

l,v  the  n:..tana..Tlu-.M  oV  th.  a-<....iat..l  vol-.H.,.-  m.-k-. 

M;neralizanon.^XlnnMy    all    ,-.     tl.e    .•onta-r    .neUunurpho^ed 
li,n..to„..-   hav..   l.on    i,ap.o«,K„..,l.    a.l    -non.    ..•   '':;  J"';  ;-f  j^^ 
...alli..  -.,in..raK     TLo  ..nn-  .i.Ub   nn,..ral....l  v-'--    '- ^- 
,,,ea.-ed.  an.l   i..   ,1..'  o.-ur  a.-tin.,!!,..,  s.rp..n.nu..  -<'      'l'-    ;  '' 
rived   .•hie«v    fnm,   .iio,,M,lo.     Th-   i.npn..-..atmu-   n.^n.ial-   oour  u 
:^linat.,.n,;„.a.aa..H.r,,U..wi,.:..u.,,....^^ 

,,   ^..,;;;,,,,, ,,;,,,,,. r..pla,...n,..nr.  pyn.hot>,..lK..n.  an    un 

,,,„t   .-..nMitiunt  of  till'  Um-r  ma-s.-. 

11-1  M. ;,.■,!    with    '.        "f   tlip   Nniicouver  vol- 
funnatioii    ^    virtually    ul.utu'al    xvitli    .. 


rm.^^B-i^:m^"i:M-iz.- 


"^^'  i^-J^i^^'lv' 


v»Hw<t^s ' . ..-  Aicra  WM  ^UBi-  ^mmyir&rncA'i' '  Jfiei  jsk-  ^»  a  "^'mmmnm^^-ffr  ■ 


•I     I  III. UN     \   \Nl   III    \  1  1(     l-l    \Ml 


65 


iiitiiiuitoly   rrliit.-'l.      'I'lie 
(if  N  .•.,".'  to  i'>y  W,  with 

iir  -.iiith  (if  ('(iwicliiiii 

hike,  ulicrt'  tlic  I'cil-  liiivc  a  ii.irth(M-t  -•iilliwc-t  -trikc.  In  (■(hiiiikHi 
with  the  \';iiiciiiivii-  \ii|iMii ic-,  if  \\:\-  In ni  cIi-iIn  fnhlcil  into  hir^rc 
r.ilhi'i-   thiiii    small    t'ohl-'.      Small    I'uld iii'    -lu-h 


Ciillii--.      'ilH'c      till'      '.\(l      liil'IMill  imi-      ill'i' 

f  .rniatiim   ha-,   ihcrcfnrc,  a  ycucral   -tr 
-li'cp  (li|)«;    uith   laruc   \  ariat  inii-  -ih  ! 


ii, 


M" 


al'iHi.'   till'   wo-tofii 


•M 


tai't   iif  the   fii--il-l>i'ai'iiiii   ln'il-   uirli   tlu'  dvcr- 


lyiiifl  vii|i'ain( 
til   thi;   iKirth. 


•I'i 


Tla'   fi.hl 
Ii 


il 


Niittdli    limi>-tiii 


■>l|i  iiliii.    |i|fclll!IJ. 

•   hern    -imilarlv 


.I'lin 


tCil, 


faiiltfii  mill   -hi'arcil,  altlumttli  they  Ilivm  \i<|i|ii|   li\    liri'ciiatinii  to 


(.Tcatcf  extent    than    the  Viil('aiii( 


rk- 


llO 


Suttdii    liirmatidii    lia-    al-n   liccii    intnulnl    h,\    ih 


;raiiiti(' 


■!>-.  the  Wark  (linrilc  ainl  niiart/  didrito  muis-.  iin  I  the  Saaiiicli 


^'raiii»li(irife.      Invanalily.  a-   is  aUo 


triK'  (if  the   Xiiiiiat    fdrnii'tidii. 


the  jrraiiitie  rock-  aro  in  acfmil  cdiitact  with  iii(Hamiir|)lin-C(l  phages 


if   the   liinosti 


A- 


th( 


if    tiic    Nitiiiat    limcstdiii'S, 


till 
>{  th( 


Suttdii   liiiiestdncs  have   apparently   nffceted   the  eompositi 

iiTimitic  rocks  alonu  'he  oontaets,  developing  more  hasie  and  liyhrid 

ly|ie-.  some  of  them  mdiizfinit ic  in  clinracter. 

Xo   actual    frairinciits   of   the   S\itton   lime-tonos  were   noted    in 


virlyinjr  and   luicunfornia 


inii'iits  of  the  Cowicliaii  i.'roii|i,  but 


many   of   the   hiuor    inenihers    uf   the   proup    are    liiffhly   oalearenua. 
'iip^e-tinfT  that  they  may  have  heen  fnrmcd  in  jiart  from  the  detritus 


nf  the  Sutton  lime-tones. 


llilntion    In     Vane 


fiiiri'i-    i'0(<'i/»ii' 


■'I'he    Sutton    furinat 


ion,    as 


i]ivai|> 


V  (lescrii>ei|,  occurs  as  liine-tono  leiise- 


th 


.  anciiuver  vo 


111  ^;oiien 


teniimr 


The  tw'i  fnrii  ation 
tl 


ciinsidcrcd  to  be  oontiniiporaneous 


al,  although  their  contacts  are  usually  intrusive 


Thi 


aneity  of  the  two  fonnatiniis  is  well  shown  on  the  south  shore 
jf  (dwiiban  lake,  where  the  fos-il-beariiifr  linip-tones  are  in  eontact 
dh-anics.  which   ajiparently   tlowed   over  an   old  lime- 
TTen'  the  volcanics  which  overlie  the  liine-tone  occur 


witl 


'ffusi 


-tulle  snrfaci' 
til   tile  west. 


include  both  flow  .Tnd  frnyiiiental  type 


id  thi 


■ildi 


is    cl 


iderlv 


early  -liown. 
viiicr  limestone? 


The 

strik 


'ds  eorrc-jiond  closely  to  tli 


uiu'  aiioii 


to  '()"  to  the  northwest 


At  tl 


f  \ 

i-tual  ( 


with   a  (lip 


Iin  of 


itact  th. 


(lesite 


iutenieilded  with  a  stratum  of  white,  eoniimct,  crystalline  liir.estone, 
U>  til  1"i  iiiehos  thick,  which  is  separated  h"  "^  feet  of  andesite  from 

iiinpact,   ( ...■stalline   limestone,   13 


I'rlyiiii;   -tratiuii    of   bli 
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t.iii,.,  ..f  111.  -nth.n  rMu.^l..n..s  is  v.T.v  i.r,.*lii.'lal.  liavlnif  n..  ..r  t.-u 
,„li„ln..-.  a-  i.r  ...,  .  .wu  ill  N..rtt.  AMi-rioa.  un.l  t'  ■  n.rlty  .■( 
,v|.li..h.ii...i-  i-  ■'  iL.taM..  fi.tutv;  MM.I.  -in.-.,  il.  ImLtUmU  ..f  .■'.■.I.ii..-.,- 
tarv  uu.l.r.al  ..th-r  ll.a.i  linH-l.m.  ."-Hr  will,  tli-  Vmu...nv..r 
v,,l..,,m,...  it  i-  i.r..l.al.l.-  tli..!   il.     *..I.-ih.-  i-l:u,.U  «..-.■  t.r  lr..i..  Hi. 
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\.,e  an.l  rorn'hilioH  <.f  "  l',.«--„./r,  -  ,..'...«/.-.  ,„>l  SuUn,, 
<„nnalion.-^Vru,u  |.nn.lv  >.i...M.n.l  ovi.l-n.v  H..'  UKO  of  tho  Van 
,.„uv,.r  vnl,..,»i.M  lui.i  tl..  liit.T.-,.!Ml...l  linu-tou.M  cunn..t  !>..  -la.  .- 
.uino.l  .l,.tinit.«l.v.  Tlay  ar«  pr.-b.itliolitl.i.-.  tlmt  i-.  pn-upp.  r 
.hin.s„i..,  an.l  '  My  arc  youi.;.,r  than  tho  I-.o-^h  Kn.-r  fopinnt.on. 
nhieh  U  .MiHi.l.  r..a  t..  he  Carhuniferou*.  r.'-.tn  th.'  "1  "vo  •■vidon.-.. 
Ihe  Vancouver  v-.l.'ani..^  an.l  Sutton  f,.rirnti.,n  u..nM  !..■  i.la.-o.l  m 
tho  h.u.T  M.-..^.k':  il  cnn.hiMon  that  is  Mii.|>orto.l  h.v  llu-  .•huraotor 
„f  tho  fauna  of  th.'  Sutton  limest-  uc  whi-'li  fixw  the  n(re  of  th.- 
Sutt..n    f..rinati..n    UL.ro    .hthilt..|.v    an.l    ^p.M-iti..allv     a"     lowmno-t 

,Tnra~-io. 

The  fauna  as  (k»fcriniiM>.i  provoi  t..  1..^  unhino,  with  few  or  lu 
aftiniti.'S  so  far  a^  known  in  North  Anieri.'a.  an.l  -iuce  nil  tho  specie^ 
arc  new'  tiw  .l-terniinati.m  of  ape  mu-^t  r.-t  upon  cniparisori  with 
the  noarf'>t  n.h.to.l  ^pp-'ic-.  Thi-!  ooir.pari-on  i^  sunmiuri/p.l  in  tl;.^ 
r,,ll..niii!r  tai.h'  pr.T^ir.'.l  h.v  I'r..fp^^..r  II.  W.  Sh       >r:    - 
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I'liO  <-uii(lii>i(Hi5  II-  to  iii;<'  ivaclu'il  liy  l'ri>t'(-siir  SI 
pie-oiit  writer  are  given  in  tiip  followinK  qnolalioii :— ' 

'The  rU,<o~t  com  pari -on  of  sjiocics  i^  thii-i  (a-  Miovvu  in  the 
tMr)  witli  th."  uppermost  Triussii;  (rjimtic)  nn.l  the  ujiddle  and 
iip!XT  Jurassic.  All  of  the  .Tu^l-^i("  species,  witli  one  po-sible  excep- 
tmn.  *ho\v  less  primitive  eharaeteristics  when  eonipared  with  the 
SutfoM  spoeirs,  or  the  Sutton  spe<'ie(?  are  more  prinn'tive,  in.lioatiuff 
an  ajre  prior  to  that  of  ii;i,l<lle  and  upper  Jura-sie.  All  of  the 
lihrt'tic  speeie-  are  slightly  n:ore  primitive  than  tlio>e  from  the 
Sutton  formation,  indieatimr  for  the  latter  le-s  primitive  forms  a 
later  period  of  development.  This  would  place  th(>  ajre  in  the  lower 
jiart  of  the  lower  Jurassic  or  lower  Liassic. 

'The  rarit.v  of  eephalapoi'-  i-  a  notahle  feature  t>f  the  fauna, 
'i'iie  ah-once  of  sueh  charaeteri-tie  ive-t  coast  pelec.vpods  as  DaoneJhi 
h„nmdl,  Ifalohia  siiiieiha,  and  Pseiuloinoiiolis  siiln'lrcithuis  would 
make  its  reference  to  an.v  portion  of  the  Tria-sic  exceedingly  im- 
probable; similarly  none  of  the  rvplialapods  -,.  aluindant  iu  the 
w.-tern     Tria-sic  was   foinid  here." 

That  the  Sutton  formation  coiitiuiies  to  the  uortiiwest  is  shown 
hy  the  occurrence  of  what  appear  to  he  similar  or  identical  fossil- 
ill  the  lime-tones  comprisinir  .Mount  .Mark,  noitli  of  llonie  lake. 
Tlu<.sp  fossils  w.^ro  colleete.l  by  Tiiehardsou  in  1^7:>.  They  were 
Iio.irly    preserved,    and    could    not    be    definitely    determined,    and 

r.illinRs  supposed  them  to  1 ral-.  crinoids.  poly/oa.  and  brachio- 

P'ds  of  Permian  or  Carboniferous  ajje.' 

A  similar  conclusion  was  reached  in  ]0(ls  from  tlie  tirst  colloc- 
ti.ii  of  fossils  from  f'owichan  lake,  apparently  the  same  gcnorj 
b.inir  rt^'ojruize.l  as  the  :Mount  ^fark  fos-iis  were  thought  to  b,  . 
It  is  probable.  tlicref..r...  that  the  .Mount  .Mark  fossils  beioni.'  to  tb.- 
Sutton  Jurassic. 

Ill  northern  Vancouver  island  Dawson  tiiid>  similar  volcanic 
r-ks  with  intercalated  limestones  and  arfrillites,  which  contain 
f  ssil..  referable  to  the  Alpine  Trias.  The  frroup  as  a  whole  he  be- 
lieved to  be  of  very  great  ti  lekness  and  of  wid.'  distribution.  A.s 
a  distinctive  name  for  the  ahole.  he  ei>iplo,ved   the  term  Vancouver 

^.!^r-  Cl-'I'P.nifl   H-  ^y.   Shinier.     The  Sutton  JurasMo  of  the  Van- 

lOn.  PP    43e''.TS  ^  """•"""'■   ■''''""'•     ^'"^-  Bo^to"  S<"^-   ^'at.   Hist.  Vol.  34, 

'.Tames    Riclianlsoii.      Rppt.    of    Progress.    1872-7,r      OeoJ      Survev    <' 
i-iWiaaii,  p.  51. 

TB-l'lB'    ^''    ^''"■'''"-    ^""-    "'l'^-    •"'"''•   Siirv.y  of   C,^n.^<^A    for    1886,    pp 


r'TRi^  '  .-.a^^SRIS^B 


yiMup.    nil 


'lu.li 


Sdl    IIII.KN     \  \Ni  III   \  t  l;    l»HM) 


iiiiiliT    tli:it    inline    ;i1l    <•(    tli 


^nl>-(|-.  til 


<'r(;U~     VO 


1- 


ciinic  i-ni-l-;-.  mill  tin-  iiili'Ti-iiIiitiil  linn-li'iii'-  iiinl  nllii  r  sciliiin'nl-. 
ITo  itntt'-  lluif  if  till'  }»ri\it  iini--  uf  rirU-  -lionlil  I'vi'iitiuilly  prove 
-ipiinilili-  iiilii  'I  riii~-ii'  lUul  ( 'iirlMiiiirorniis  ]iortioiw,  llic  iiaiiio  Viiii- 
fouvor  fjri)ii|)  sliouM  lio  rctniiu'il  fur  tin."  foriiUT.  It  i-  ■^oon  lluit  a 
lii.rtion  of  tlic  iilliiil  volriiiiii'  riM-k-  iiml  limi-itoin-  of  sontlicrii 
Viinciniver  i^liiinl  iirc  lowermost  Jiira--'ii-  in  ayo.  Inil  it,  i-  in'obnlili' 
tlnit  >;oinf-  rriii-<i('  iiii'iiilier~  occur,  citlicr  in  the  tvpicnl  Viiiuoiivcr 
\oliMiiii-~.  i,r  in  one  of  tlic  allicil  voliMnir  >crii-^  in  -oiiiIutii  \'iiii- 
ci, liver  i-ln!i"l.  It  i-  iiorlnui-  iiiipo-;sililo  to  ili-;tiiii;iii-Ii  liotwppn  tlie 
.[iiiM<-ie  iiiiil  'rriii»ic  inenilier-*  in  -mitl'cni  \';iiieouvei'  island.  a<  tlioy 
lire  proliiilil.v  conforiinilile.  innl  a-  fo— il«  are  rare.  Since  the  .Tiirns-ie 
io,!i-  are  larfielv  of  volcanic  aeciininlation.  snli-Crctaeeoii-i  anil  pre- 
liiitliolitlije  ill  ape.  they  aro  nifiirliers  «(  the  Vain'onver  (rrniip  as 
oripiiially  iletiiieil.  The  oeeiirrenee.  however,  of  liotli  .liira«-ic  aiul 
Tria--ic  ineniher-  in  the  frnnip  shniiM  ]»■  ornplinsizpil. 


-II  Ki;i!  -Kl;ii>. 

I'lelerlyini;'  the  ea-t  eontral  part  of  the  hell  of  Vancouver  vol- 
eauici  i-;  a  ^eries  of  iiielaniorphic,  chietly  -chlsto-e.  s  'ilinientary  and 
(I'lcaiiic  rock-,  with  intru-ive  porphyrites.  The  rock-  of  the  series. 
nlllioiigh  varied,  are  very  cluiracteristic.  and  may  he  eorrehited  over 
liirL'e  area-,  with  a  frreat  deal  of  assnraiico;  and,  therofore.  have  heen 
mapped  -eparatel.v,  althoiijrh  they  are  a  part  of  the  Vancouver  jrroiip. 
and  jii-ohahly  are  coiiforniahle  with  the  Vanconver  volcanic?.  'I'lii^ 
-enarate  ^roupintr  i-  aNo  advisahle.  sim-e  the  .scrie-  is  especially 
iiiiporlaiil  ecoiioinically,  a-  it  1-  the  country  rock  lor  various  cop|ier 
'!(•  Mwits.  the  lary:est  and  he-t  known  of  which  is  the  TyeO  ore  bod.v, 
liov-  largely  worked  oiit.  The  series  was  tirsf  mot  hy  the  writer  in 
I'.ios  ,,n  .Mount  Sicker,  and  was  ealhd  the  Mount  Sicker  scries. 
which  nay  Ic  more  conveniently  written  Sicker  -eri.  -.  .Siiici'  the 
\arioiis  rocks  niakina:  u))  the  series  cannot  he  mapped  soiiaratcly  on 
the  iieeonipanyiiifr  n  ap,  tlie.v  are  considered  in  this  report  as  con- 
-titiitinsr  a  series  rather  tluiTi  one  or  more  formations,  althongh  the 
Sicker  and  Sansiim  foriiiations  have  heen  previon-ly  distinsniished.' 

As  mentioned  under  Vancouver  volcnnics,  the  Sicker  series  as 
iii.ii:peil  includes  some  vidcanic  rocks  which  are  typical  of  the  V; 

t'     H.    (Iiipp.      Siiniiiiary    'teiMirt.   <Ieol.    Suiv..     Can..    1IHI!I.    pp 
•'.  A.  .\!lan.     Siiniinary  Iteixirt  Ufol.  Surv.  Car...  IflOfl.  p.  !i'J 
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IjouviT  vcliMiiio,-;  iin.l  in  the  rc^'iou  between  the  lu-ailwiUrr-  of 
€heiiiBiiiii^  river  aii.l  Allierui,  which  is  iiiamied  a-i  Leinn  ehietfy 
oi-c'iipieil  liy  Viineouver  voloanies.  r(K'k-  typical  of  the  Sieker  -.;ries 
ueciir.  'I'lie  Sicker  series  is  sharply  defuied  from  the  otlier  i;ruiii)s 
'except  at  one  hn  ality,  iu  tiie  vicinity  of  Cheniainus  river,  sontli  of 
Mount  Sicker.  At  tliis  locality  there  is  a  transition  between  j;reatly 
Uietamorpliosed,  schi-tose  >cilinients  and  unnietaniorphosed  sedi- 
liifints.  The  iinniotamorpho-e.l  sediments,  >hales,  i.iid  sanditones 
t!annot  he  distiiifriii~hed  litholoirically,  nor  at  present  can  they  ho 
distinguished  stnu'turally  from  tiie  shales  and  sand^tones  of  the 
Xanaimo  formation,  and,  therefore,  have  been  grouped  with  them 
1)rovi>ionalIy  under  the  Cowichan  group,  which  includes  all  "t  the 
■unmetaniurpliosed  sedimentary  rocks  of  ^lesdz.dc  afj.-. 


'  Dixtiibulloii.—'i'ho  area  underlain  by  the  Sicker  series  is  il  to  ^ 
miles  wide  in  tlic  eastern  part,  interrupted.  h<jwever,  by  area-  of 
intrusive  lilutonic  nicks  and  unconformably  overlying  sediments. 
The  easternmost  ex|Mi-ure-  arc  I'ound  on  ^Moresby,  Portland,  and 
Saltspring  islands.  Tiie  series  may  be  traced  northwestward  fairly 
continuously  to  north  of  Cowicliaii  lake,  a  di-tance  of  about  40  miles. 
■Rocks  referable  to  the  Sicker  series  continue  still  farther  nortlnve-t 
to  near  Alberni,  but  they  are  >o  intinuitely  related  to  the  Vancouver 
volcanies  tlntt  at  pre-ent  tliey  cannot  lie  mapped  separately. 

The  boundaries  witii  the  Vancouver  volcanies  are  very  in- 
definite and  have  lieen  drawn  when-  large  rock  liodics  typical  ot  the 
Sicker  series,  that  is  -chist-  and  jmrphyrites.  are  in  C(.iitaet  witli 
large  areas  of  n:cta-anilc-ites  typi"al  of  the  Vancuver  volcanies. 
The  boundaries  with  the  intruMvc  Saanich  granodiorite  and  over- 
lying seilimenis  of  the  Cowicliaii  group  are.  for  the  larger  part,  well 
locat-d. 

The  rocks  of  the  series  are  well  e.Kpo-el.  -inee  they  form  a 
range  of  subdued  iiionuialiis.  with  the  wide.  >ui.w,iucnt  < 'ow  i-  li.iii 
valley  to  the  so\ilh.  and  tlu>  ea-t  I'oast  biwland  t..  the  n..rth.  Aiiotlin- 
subsetpient  valley,  not  occupie-d  liy  a  single  stream,  has  be.  ii  .1.  - 
veloped  on  an  infolded  or  downfanlte.l  area  of  tlu'  overlyini.:  -e.ii 
uients  id'  tiie  Cowielian  group,  and  nearly  separates  the  Si.-kcr -ri. - 
into  two  iiarallid  belt-^.  of  whiidi  the  southern  is  iiiterrn|ited  when 
the  siibscMiieut  vaHey  in  its  central  portion  hecouies  continent  witli 
the   (  o\vi.-li;in    \a!lo.v. 


H  1111. UN    \.\Nuil   M,1C    1>I.AM) 


Lillioloi/irdl     iliiii-'I'l' 


)w. —  I  lie    TDc 


'ki     of     til.'     Sirk 


<■!•    serie-    are 


J  iiu'hiile  vi>lcMiii''  I'cok'-,  bdth  ll" 


.arieil  in  clmriictt'r  ami  nriulii,  an 

111(1  fra.uniciital  typ'-.  -iiliiiiiMitary  rock-^.  iiuiiiv   nf  which  are  I'lv 


ilily  tu 


IMlllS,     illHl     111 


tni-ivt"  itorpliyrito:^  of  a   \\\']v   riw^o  in  <'"ni- 


IKisitioii.     All  of  the  tMiL-  have  been  iiiotiiinnr|ihn-c(l.  many  of  'hei 
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Ill,  prohahly,   tiif: 


n<.   with    ihi'ir   (ir 


ihahle   motaniorphie   pha-c- ; 


111  lastly  the  intru-ive  iioid  ami  ha-io  porpliyritos.  ami  their  mot; 


iiorphie  phases;    iVillowei 


-hort   nolo  on  tho  niiinrali/atioH. 


To/: 


idini:  i'()i 


1,-s. — Mfla-iliiili'sih 


■n 


that  are  i 


Irarly  of  vol, 


aiiic  orijiin.  arc   la 


ilesites.     They  are  very  -imilar  m  i 


I'oi-ks  of  Uio  Sicki-r  -urii- 
r.:;oiy,   if  nut  iiitircly,   an- 
haraoter  to  the  amlesites  of  thi> 


1   l.nth    llow    ami   frafiiiiental    types   oeeiir.      A- 


'anroiiver  ;;-roup,   an 

Iready  nientioned,  tho  jiorphv  ritio  aiiLJle  an 


ilo-iti 


1   charai-tiri-ti 


tvpe  of  thi>  Vam-o\ivcr  voloanio..  ,ii-i-iir-  in 


torheihlod  with  the  Sio 


The  norma]    amle-ites   an    f.'ie 


•n.   apliaiiiti.:   to   tine   ^rainod 


iinetimcs    porpliyritie    with    ] 


li    iihoiiorr,\ -t-    of    hornlileiido 


folds 


jiar. 


Till 


amio-itc 


have  hein  slicarod  and  altirod  and 


I'ut  hy  epid' 


it(>   veinlots.     Conimoiily  opidoto  and   quart/,   al- 


rur  as  roil 


lidi-h,  yellow  ish-green 


noiiiiji-,  ii|i  to  a 


loot  in  iliaiiii'ter; 
■k 


111   althoiifih    the-e   nodules    are    voi-y    iiaiiioroi;<.    tlie   rock    mass    ,- 
iiininanl.      Tla-e    iiodiilar    aiidi-ito-    n-iMiilde    fraf;-ii.ont.il 


illy    d 


glomerate 


ttirosroiiii". 


;roiiiidinas-    is    socii 


'on-ist.    on    ii.ii-ro- 


■pio  examination,  of  tme 
ubahl 


feldspathii-  and  aniphiholi'  nee 


dh 


par  IS  probalily  amle^me,  an 
alteration  ]irodnets  of  common  hor 


d  the  amiibihole  uralite  and  aotin..- 


iiblcndo.     'J'he  mineral.-  havi 
;Mai;iietit< 


siibparallel  arraiij;ement  and  form  an  interwovon  mat. 
the  only  important  aeee~sor,v.  'J'he  feldspar  pliem.orysts  are  oliiio- 
a^e-andesiiic.  Tho  hornblende  phenoerysts  are  now  largely  alten-d 
1  eiiidote.     Epidjte  also  has  replaeed  to  -imo  extent  the 


to  uralite  and  e] 


rals   of   the  uToundniass,  ami   tho   frld-jiar   pli'  n 

,dai-y  minorals  are  elilorite,  serioite,  <'alrite.  and  quartz. 


^ts.     Otln 


'Cf.    N<i.!i 


il.ir    jHirph 


li\Mt,--     from 


Ti'Xnilil     i-l;ill 


1.       K.    <i.     Mif, 


■uiiimary    lieimr 


t.     <ie<.l.    Siiiviv 


Caiiiiil.i.    f'.r    \'M>:>.    II. 


,M^;  "^^ '  .'sc^r-"  iK^;  WM^ 


71 


i.l.m.iM.K   \\,  »i  i;\  I  \  ,  1  x\  \|i* 


Mf'diiiiiriililr  ;>/i()vps. — Clilniilc  ^ilnxls.  '\'\u-  tnc(ii-;ilul(>Mto-< 
).:i--  iiitii  iliirk  Ki-i'i'M,  s<'lii-tii-i'  r<"-I;-,  .dii-i-tiim-  cliiclly  ol"  arciMi 
I'lil'^ritic  li;ic;i  iiiid  iilttTfil  t'l-Id-piir,  i-oiiiiii.mi1.v  iiiiiioriili/iMl  ami  cut 
li.v  vpiiH  of  (iiiartz  :iii<l  cii^'itp.  'I'Ik'  Miiuiiinl  poriilivritif  toxtiirc  in 
t!io  li---  iiltorcd  v;ii-i('tic-  i-  ri;nlil,v  drtcctid  inicm-ooiiically.  TIk' 
I'rM-piir  |i!icii(icr.v-t-i  linvc  I'ccii  lirokcii.  \>»t  m.t  diM'oiiiiio-ed.  altliousli 
-fiiiietinir-  I'l^pliU'cd  iiii'tii-iiiiiiiticiill.v  l.\  ciili-itc.  mid  ocowr  in  ti 
clilorilic  mid  rci-niijiiii.ii-.  irrnundrii:!--:.  Tlic  hiriililoiido  lia-  l>eOM 
ontirply  cdnvcrtt'd  into  clilnriti'  niid  ii  wciiklv  iii-n  rriiiiiciit  iiinlifi', 
and  iiKirc  rairl.v  iioai-  iiifru-ivc  roi-k-;,  to  ld..titc.  Otlii-r  -pooiidar* 
niiiierals  aro  rpidoP',  ^irii'iti',  and  irii-covirc 

III  tile  more  comjili'tplv  mctaiiini'plii.-i.l  aiidc-ito-  rvidom-c-  of 
ail  original  i)or[)li,vritic  tcxtiiri'  arr  cutinly  d<-Ii''iyi'd,  and  oni.v 
triii-o-  of  feldspar  romaiii.  a-  it  lia^;  luoii  cnmpletoly  SPricitizci] 
Scr  .ndary  ipiartz.  cali-ilc.  and  mayin'tii.'  an-  pri'-ciit,  a-  woll  na  tli.' 
ni'Tiiial   alteration   prudiicl-. 

Aiiipli'iholili'S. —  More  rarely  amiiliilinlilf-  similar  to  tlio-e  nf  tl" 
\':i incr    volcaiiic-i    have    liccn    di'vclnpnl    i •    iiitni-ivo    irraii"- 

dinl'itc. 

>l  iiilifu'd    roi  Lx.-    'I'lifd'i  iiii>:    sliili,     Slr'lili''d    i k-    aro    e-]"- 

I'ially   well  lUnclopccl   in   tlir  xiullici'iinii'-t   <A   tlii'  tv.ci  licit-   ;imk'rlai! 

ly  rill'  Sifkcr  scrio-i.     Oiio  of  the  nm-t  ciniii i  lypi'-  i-  a  pToy.  tin- 

(;raiiioil   ;-laty  rod;,  ofton   laiiiiiiati'd    in   ccilunr   and   trxluro. 

M i'Kixi  iijiir. — Till'  (--ciilial  ciiii-tiuiclit-  arr  -i-ni  niicro^ci'pi  ■ 
(•ally  to  111'  (piart/.  in  tine  ^nli-aiij-'iilar  jiraiii-.  avorayo  almnt  O-i'  inin. 
Ill  diameter,  and  earliniiaeenn-,  <|iiartzo-i('.  and  aririllaei^Mi-  materia;. 
I'kiiiioi'la^e  fel<Npar  i<  alway-^  pre-ent  in  -itnall  anirnlar  prrains  aii'' 
i-  <oin('tinie-  an  o-i-r-ntial  enii-titnent.  Ai-ie—ory  aiiil  spefindiir\ 
iiiiiierals  eaniiot  be  readily  ili-linsrni-lied  frnin  eaeh  otlier.  'riie> 
iiielnde  yellowisli-areen  liiotite.  elilorite.  and  e|iidi4i'.  It  aofioar-  a- 
if  the  Poeondary  mineral-  were  derived  from  nri.^iinal  femic  irineral- 
Sirii'ito  and  linionite  are  al<o  >eeondary  prmlnet-.  'I'lie  pro-enec  "' 
-e  miieli  feldspar  and  seoondary  feaiie  mineral-  -iij;ire-ts  tlint  tl".' 
Ti'ek-  are  )iartly  of  voleanie  oriuiii. 

<'it:nili,i;ii  nilf. — On  Cluiiiainn-  rivir  to  file  -iiilli  nf  .Mi.iiir 
Sii-ker.     are     exposed    eoar-e    trained    fra.'.inieiital    roek-.    inetanii  r- 


SDl    IIIIKV    \\\(ol\l|i    l»l,*Mi  )•> 

|il|o-.  il.   Ullt    ilr.irlv    -rililllrlll.ify    III    I'fiuill.  -iMIi-   <>l    lllilri    ll.lVi'    larui' 

iMiinilfil  to  -uli-i\m<iiliir.  wntcr-uiiiii  I'lMuiiii'iit'  up  In  '!  iiii'lie-s  iu 
iliiiiii'tir.  'I'lic  I'l'Mpiiinit-.  i\r«'  cliiiriv  iiiuirt/ilo.  Imt  -ouw  iin'  anpar- 
iiilly  .M  iM-iil  porplivv.  'I'lic  iMiiirix.  \ilni-li  rniii|iii-c-;  tlic  wliolt'  vo<'k 
ill  -iiiiii^  of  the  liril-  -  iirciiai'oim-,  iiiTitii-li-i-rcv  in  i-cilcuir.  aiul  on 
iiiicro-i<-opic  o.\:miiiiiii  ion  i~  socii  to  (•(iii-i-t  of  anjt'ilar  frnpriiK'nt-i  of 
•  liiart,':  ami  pla,i;ioc)a-o.  uitli  diloritc,  cpMoti'.  aii<l  oali'iti".  Tin" 
rock-  liavo  lit'iMi  iiioi-i'  or  'r-s  ri^cry-l:illi/i' 1  and  ^hearoiK  aiiil  fiit  li.T 
veiiilet-  of  I'aloito. 

M'tniiiiiriiliic  [ilKfi's. — ■Stlil.slu'i''  viliii'lii'.<.-  '\'\\r  t  iil'aoi'oiis  -lat'* 
jia-s  into  -clii-tose  varietio^.  wliicli  aro  linliloi'  coloiireil.  -iiico  tliw 
iMrlioiiaocoa-  inalti'i-  ha-  liocMi  dc-itroVfil.  'V\u-y  ■•oiilaiu  a  laruor 
all  oiiiil  of  -(.'roiidar.v  iiiiiii'val-,  (>-i)i'ilal1y  scrii'lle  aii'l  lijilit  j;ri'»'iii-'li 
l.i-ouu  iiiiiM.  On  ilio  ui'<t  -lioi-f  of  Saii-iuii  nari-ou-.  i'  inilo-  uortli 
dl'  Couicliaii  liiirl'oiir.  i-  oNpo-rd  a  -i-lii-lo-i^  vaiMot\  wliicli  ro-oiulilo- 
a  '  knolcii-ohiofcr ' 


4 


.U/'rco.vcy/i/r.  .\!ii-i'o>(;. ■iiioall> .  tli(f  kiiol->  aio  -ocn  to  i-oii^i-l  ot 
quart/  ami  plai;iocla-i'  fi'Iil-p:ii'.  'I'lie  tri'onii.liua--  1-  a  .-.-li'-lo-i. 
asri^rejiate  of  ipiart/  aial  fi'M-par,  witli  sciMimlary  aolinolito  i<ii<l  cpl- 

.luto. 

S:iii!/iel  ri( /•(■(■ /(■(•>■.  -'('Iirrlx.'  One  of  ih.  ino-t  ronnnou  varl.'- 
tios  of  llif  -li-atiliel  rock-  i-  a  dark  to  lijrtit  f;rcy.  -oiiirtiiic-  laiiiiii- 
ateil  and  tliiiidip<lded  rock,  wiiicli  i<  \ery  dcn^c.  anil  iliorty  in 
appoaraiii^o.  lin^akincr  with  ■\  c.iiiclioiilal  fracture.  Soiiic  varii'tii-;* 
are  even  wliiie  and  translucent. 


.V/>  r(>.-.-(Y)///c.- -'I'll!'  clicrty  appearance  i-  retained  micro-copi- 
cally.  the  rock  con-i-tinn'  e-^-entially  of  ipiartz  aihl  -oincl  !iii<-  fold- 
^pi1r.  of  very  tine  ifraiu.  which  ranire-  fro  .i  suh-niicro-copic  to  ai! 
avcrajifi  diameter  of  ahont  O.O.'i  nni:..  and  the  frraiii-  ari'  irregular 
and  iiiterhx-kint;'.  Feldspar,  an  acid  phif;iochi<e.  and  i.o--ihlc  ortho- 
cla-o.  i<  always  present,  if  not  a<  an  e--ential,  a-  an  important 
acce-fory  mineral,  and  sometime-  occur-  in  larcer  anjiidar  prnin-. 
<  •thci'  accos-ory  coii-titncnt-  are  ver.v  tine  amphiholc  iiei'dl<-. 
ihloritc.  rarely  ppidoti'.  sericiie.  and  niatriictite.  Pyrile  i-  virtually 
always  iircsent  in  very  small  -irain-.  and  has  altirod  n  ore  or  le--  to 
liinoiiite.     In  tlie  darker  colonred  varietii-  tine  dond-.  apparently  ot 


ri^"?!^ 


■  i; 
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gniiiliiti..'  iiiiitcriul,  uru  pr.-.nf,  Tli.'  i-.M'k  i-  M.iiiutiinos  scljistosi . 
and  ii  ucmiiionly  fructiuf.I  nn.l  <-nt  \>y  winlcU  of  (ninrtz  and  cal- 
cite.  The  origin  of  tli.-..  diortv  r^.^ks  is  very  in.lftinito.  l.ut  a^  thi-y 
ai-p  clcarlv  stratified,  iind  ;i-.,(iiitc,|  witl,  tlic  tnfaccous  shitfs.  thcv 
an.  :i"Uiii,.d  to  l.c  -ill, -tied  v,ivi.tii<  uf  tlie  tnl'aiv<,u.  slater. 

n,„i,l:.l,ilr  ,v,/m\/,s.— White  ..,•  li^rht  gr-viii-di  s.hists  witl.  a  tai- 
'OM'  I'l.l.  roii.lstiiiK  cliictly  nf  -iii^irtz  and  talc  orcur,  and  api.aiontly 
liavo  lM.,n  derived  fn.ni  tljc  .trai;(i<.d  n.rk-.  iilth.Mijili  tliiy  canno' 
alu;iv-  Im'  diMinHui-licd  fr,iii;  the  M-lii-to-c  v;irl.'ii-<  of  tlie  nuart/- 
tVldspiir  iiiirpiiyrite. 

.l/,-,y>.v.  „,,/,■._  .Mi,.n,-,.,,pi,.idly,  they  are  sct-ii  to  conMht  of  tinoly 
ifriuiulated  .luait/  int.rnn.wn  witli  tnlc  im-l  proLiddy  scrieite.     Ftld- 

^l""'  '"   ^ etinie^   present   in   cltMr.   rcrysfnlli/,,!   srains.     Kpidnti. . 

eldoritc.  1111(1  cjili-iti'  are  prudent  al-o. 

(inu'hii;,-  .sr/,;.s/>.  -Iiitirl,..d<l.d  with  the  tah--.iiiiirt/.  mid  cldorii- 
.■-.■lii-ts  lire  graphitic  sehi«ts  whi.li  are  apparently  Mdiiiientary,  tl. 
lost  knonii  exaniide  oeeiirrinw  a-^  the  wall-rork  of  the  Tyee  ore  bod:. 
They  iire  hlac-h.  lustrous  schists,  caimionly  .-ut  l.y  veiiilels  of  quart/ 
iUld  eiileite. 


Mi 


(/-70.vr„/„e.— |l|,.y    iip-    mmU    niieroseopieajly    to    eiillsist    lllmot' 

entirely  of  qinirtz  an.l  enhite  clouded  with  Rraphite.  These  gn- 
phitie  sciiists  closely  resomlde  eerfiiin  n:etaniorpliOsod  earbonaeeo;.- 
-Iii.les.  expos,.,]  ill  the  l,ed  of  CheniaiMiis  riv..-  south  r,f  Moui.- 
Sielier,  whiidi  are  tran-itional  into  the  luimelaniorphose,]  shales  ..• 
th,'  C.uiehan  -roup.  The  reseiuhlanre  stronsrly  supporf;  the  eonel  i- 
jioii  that  th,'  s,-hisfs  are  sedimentary  in  nrii;in.' 

■Insitvni-nuujnclili'  .st/m\-'.v.— As-ociated   uiih   the   other   types   ..■ 
.«e!iist  are  dark  red,  lino  grained,  ja  pery  schists.     They  consist  .  : 
very    line,     irregular    and     iiitergrown   grains   of   quartz,   with    fi' 
grained  magnetite  sonii'time.s  in  large  amounts,  up  to  10  to  15  , 
vent.     The  magnetite    .eenrs   in  roughly  parallel  streaks  and  leu 
like  masses,  ami  oceasion.dly  in  well  defined  veinlets;    and  ha«  pur- 
tially  altered  to  hematite,  uiiieh  gives  the  schists  their  red  colon: 
Iron  ,  laiiKs  have  been  taken  iqi  on  the.se  schists  on  :\rount  Sulliv:i 


'  K.  H.  .\d.ve,  in  a  quotation  given  by  W.  H.  Weed,  Notes  on  the  Tvt» 
Copper  Mine,  Ln-.  and  >fin.  Joiirn.  Jan.  25,  1908,  p.  200,  states  unhesif;i 
iiigiy  that  the  lock  is  .sedimentary. 
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SMlt-pi'iiifi  i-l:iiiil,  i\uA  '  II  till-  U'l-tluii-t  «li>p('  lit"  Mmint  iti'i'iit.iii. 
1  iiO  origin  iif  Mif  nrieiiiMl  »i-lii-t-  i-  uin'ortulii.  since  tli<'  |iro-(iit 
;i.ili(r;iis  lire  Inivelv  scenmlMry. 

lili/litv  w /(/v/x.— Dark    rcilili-h    lnown,    to    jrrcen,    fine    uraiiipd 

.M  hirit-i  i.cciir  rather  rafly.     'I'livy  ar Miinwed  essentially  of  qiiartz. 

-.lagioila-o  feldspar,  and  li^'lit  ^rl'l■lli-ll  hrowii  liintite;  with  !e--i'r 
..luoiints  of  ealeite,  ejiid.ite,  si-rieite.  pyrite,  hematiti'.  and  Uaoliii. 
The  origin  of  the  Idotite  sihist-  i-  iiiditiiiite. 

' ';a/»ii/(7c.'  -On  the  divide  hetuoi.'i,  ('heiiiainu>  rivor  and 
("'ittoiiwood  ereeix,  to  the  north  ot'  (dwiehan  lako.  eertaiii  h^'iU  tt" 
tiie  silicitiod  tufaeediis  «lates  of  the  SiiUer  scries  have,  near  t!ie  eon- 
t  I't  with  intrusive  granodioritp,  heen  replaced  chiefly  hy  aiidraditp 
^  irnet  and  niotallii.'  ininoraU;  io  that  they  reseiiihle  the  'fjarnetite' 
phases  of  c'ontuct  niotuniorplio-ed  linie^toiies.  Tiio  K'Tnet  occurs  in 
',  rown,  fine  to  niediiini  jrraiiieil  iiia--o~.  a^soeiateil  with  actinolite, 
toricite,  and  quartz,  and  larne  ainount-  of  metallic  mineral-,  chielly 
nuignet'.te.  The  ori};iii'  of  the  ;;ariiit  iiia-ses  is  indetinito.  They  may 
;vpre>ent  interheddcd  limestom-,  uliich  were  similar  to  the  small 
i:iass  noted  hy  Mr.  Allen  on  .Mount  IJrenton,'  hut  of  uliich  no 
•races  remain  at  present;  or  they  may  he  heds  in  the  slaty  seric?, 
replaced  jicrhaps  on  aeeount  of  their  frreater  porosity. 

liiliiixire  ^(//'cs'. — (Junvlz-fdilsiinv  porplii/rite. — Intrusive  into  the 
Sicker  ^eries.  very  ahnndaiit  in  many  instances,  and  usually  cnu- 
:  vinahle  to  the  hediliny  or  schi-to-ity.  are  (luartz-feldspar  porphy- 
lites,  which  are  identii'al  litliuloKically  with  the  rpiartz-feldspar  or 
-ranodiorlte  porphyrite-  which  are  a--ociated  with  the  plutonic  rocks 
;i!onof  all  of  tiieir  contact-.  The  porohyrites  of  the  Sicker  series  are 
;  !'i-uiiiahly  related  to  the  plutonic  rocks,  hut  their  jrreat  numlier, 
c.nforniahility,  and  frefpient  sclii>to-ity  make  them  virtually  one  of 
•lie  rock  types  of  the  Sicker  series,  with  which  they  have  hecn  mapped. 

The  Ic-s  schistose  varieties   are  light  eoloiired.   usually  slightly 

,reciii-li.  with  an  aphanitic  and  iippari-ntly  siliceous  irroundniass.  and 

!'ii|uciit  iilicnocrysts  of  feld-par  and  i|uartz.  often  of  relati\ely  larire 

-1/0.    ^legaseopically.  the  rock  usually  looks  to  he  very  much  sheared, 

;  ,;t  microscopically,  little  evidence  is  found  of  pronounced  shearinf;. 


Moif  fully  discusscil   under  "oppei-  deposits,  sen  pa)»es  lfi8-l(19. 
.-;-i.   I'iiK,'  67. 
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\/,.  ,.,-M,;.,. .      111.'    i;n.uH.liiKi«-    i>    M'l-y    lii'i'.    ■"''!    '-    '"'iili"''''! 

..,..,Mi.,llv   ,.l    ..,uuhu-  ^r.,1 r   IVI.I-IM.-  au.l   .,.1.11'.       rii.-   l.l.lM>ar 

,„.,,|.MMi„;,t.-  .n.'l  i.  ciniivlv  ,,l..i...l,.-...  The  1.  M-l-r  [.li.  h-r.N -M 
in-.-  .il-..  plji^i.-l;.-".  iiii|>:iivnll>  in  iipi-l  iu-t;.ii.-.  -  i,ll.ll.-..|in-clii-o, 
■.hlKMiyli   Ml   liH.cs   they   an-   iT|.l.i.',.i   l.s    r|,i.lul.'   imlI   .•i.l.'itr.   -uu-y-l- 

:,;o.    ,1,.,     ,r    l.,,-i..    pln.i.Ml,,-    i-    -.•>,, rlil.u-    l..-.-rn.,       H u.rl/ 

;,h,.,„„.n.l-  aiv  l.ht  -llv'lillv  Lr-l.-n,  iui.t  tli.'ir  uavv  .Mln.-Ho'i  i-  not 
.1-  ,.r..ii,.iuMv.l  a-  our  uoul.l  v\\h.-\  rmui  lUo  niM.riinui.v  of  ihr  ImiM 
,,,i.,ii, ..■!,.  Tlio  onl.v  ,„■,•,-,.,■>  miiH-iMl  Nw,-  i.rul.aMv  limiMnMio,  ,.i..l 
,,  i,„„,..,l  in  .,.,.-1  r;,-^  -  l.ul  a  -mall  I-T.rulap'  ol  ll,..  r.-k,  ami  i^ 
,,,,u  ,,.„,nlol.l\  all.'n.l  lo  urali!.'  aial  .|.i.loto.  Mu-.-o^ito  i-  i'm'  "uly 
..til,  1-  -iM-i.n.!,iry  iiiiMil'al. 

,-.,,',,>/„M-  n,n,lif'^.      ri.o  al.oNv  Ivp.-  l.a^s  into  HkIh  t;mn  vl.i- 
!,.-,..  xari..|io-,  rnt  l.y  -luaiM/.  ^.inlot-  and  oft.'il  Jiivatly  i,  ini'i-ali/.-l. 

.1/;-/. .-•.,,..;,.      Mi.p.-ropi.'allv,    llio    i.|„ii.MM-y-t-    an-    n    t,,    l.o 

.-ni-lio.l.  l.ut  M..1  alt.n.l  t..  any  un-at  fMrnt.  tho  Muart/.  lorniint:  Ku<- 
.1k„.,,|  na-ai.-.  In  lla.  j:ro..n,ln.a-  lla-  -lii-lo-r  l.'Muro  i-  n.a-le 
..vi.lrnr  l.v  thr  i.a.allrlly  .lonyau-,!  a.-tinolil,..  ( ■l.l..rit."  i-  al-o  a  l.ro- 
iii)iiii''rcl  ai-i'(>--.ry  iniiuTal. 

lU.  s.lu*t(.>*'  v.iiictifs  tjra.li-  wU-  .iiiuit/.-clili>rit.-.ririt..  ur  tuk- 
i,-ln-|s  in  N.lii.h  \hc  oriKiiuil  imrphxriti.'  trxtnro  Uii-  U'vu  obliUTUted; 
and  vvlii<-li  .'annot  1..'  (li>.tiiinui^lie.l  fr.an  ,iiiartz-talc  >.-hi-^l*  probablr 
•  leii\oil  from  -tratiiioil  vor\i<. 

(:oi.l,ro-,ll„r;ir  ,„„,,////,<•/.•>.  All  of  tlio  al.ovo  tyiHS  have  U.m.u  in- 
tnal.M  bv  nuincn.us  laip'  nia-t-  of  l.aM-'  ,.or|.l.yritev  Tli.'.v  were. 
i„r  111.'  -nator  part,  intrn.le.l  aftor  tho  fol.lin-  ^.in.•.■  nan.v  of  the.n 
an-  nnX'ari'.i.  Schi-to<..  vari,-ties  ocmr.  la)\v<.v,T,  wlii.-h  may  bave 
i„,,.„  intru.l..!  <lurin-  or  l.-fae  i\w  fol.lin^'.  Tb.-  porpbyrites  occur 
in  >n,all  -lo.•^^.  -lyk.-.  and  -ills;  many  ..f  ibo  ilyk-  an.l  sills  b<-in>t 
v.rv  lari;,.  but  oonformal.lo  to  ilio  b..l.lin«-  or  .-bisto.ity.  Tboy  rangv 
i„  r.Mnp..Mtion  Iron,  .liorilr  to  jrabbro  p..rpli>  rites  the  f.-bUpar  vary- 
i„o  fn.m  bn-i.-  a.al.-Mne  to  aoi.l  labva.lorito.  altboii>.b  bornblen.lc  i^ 
virtually  ahvay>  ibo  .-hi.  f  tVniio  .•ou-tituent.  Tboy  aro  all  dearly 
n.liite.l,  an.l  b. -t  .l,-i.L:nat.'.l  a-  a  \v!i..l.'  by  the  name,  ^abbr.vdiorite- 
por|ibyrite. 

p:,,!-;!,'  ;,o/7»/"/r;/. .— .V<;' ra.v  o/.o  .— 'I'be  prineipal  vari.iy.  a  <li.- 


ritc  i...rpbyrife.   i-   a   .birk   ureon 


lioloi-ry-tallin.--  roek   ..f  vatlicr  fim 


-Ml    1  111  liV     V  \\l  I.I   \l  u    l-HM> 


.  r.  iiifil   ^:riiiiiiilii  .1--. 


f!,..   i.li. 
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llul'     I'llllli 
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IimXWI      IIMiT.i-' 


.!•  .lll\  .     lllllrlilli'.     I-     I'.-.mIi 


iir.      .\l:ipiiii  i'.i'      r. 

Iv      .1,    I,,   t.     1      II    ..^.i- 


iml  1111:11 '/.  ill  -II   I-  -iiiiii'l  ,;iii 


111     i.i.-k   I'l.ii-i-t^   f-iiii  i.i'l\    III    l.itli--ii,i|ii'i|    li 


i|-.irli  I'l-I  |.-   iH'i'iii'li  iii|i\  ;ili.|    111  n-i'i 


:liiiil  Hi-  111   i|ii.i|"/   .111 


i!  -itc    fV    liiHTiii-ii: 


1-    :lllili-ll|i-      V 


ii.  :•'!  A; 


llll 


I'lliiji  llilr      I 


ll  llll 


iliiii  I'll     Viii  ii-lv.    villi     :\ 


v\\    l-ci|ii|irlc--   I.I  l.lni-li   tirri  II   In  .\i.||..'i  i-li  iir,.  ii    pli'm-liri -m.      '1  111- 
ri.|ir;:iMnlili'  wlil'-li  i-  iMllii  r  miii-iiiil   in  I      i   i|iuirl/.  i-  lln'  ii..-l   I    r 


:iii    ll  lil-l'i'r.     'I' 


II-    lll'.r.-|  r'^Tllill  ll 


-ur-   iiilcr-l  ll  liil 


In  till-  .null 
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Ii-.  iiiiil   -iiiiii'liim- I  iiliri-lv  -iin-Miiiiil- tin  ;iinlt-.-iiir  I'll,  n- 


\,  (|iiiiil/   1-   111  very  miiiiH   iiii  "iiiit   i.r  iiii^i-ii 


I.      II 


■  i->,   Imt   hii- 


I'rc-riit    111   rutin T 


1111..1111I- 


AHiialiiiii  ami  im        lori'/'i-sni.    -'I'ln'  rm-k   i-   u-iiiilly  gr.  iill\    iil- 
-.1    mill    -lic-iircil.      Tin-    l'i-l'l-|iiir   Im-   Ikm'u    siiu-siii-iti/.cil,    iiinl    tl.c 


l...llll'lrllilo    llll-    Kulic    "M  f     III    11     lil'i' 


iliti'    mill    I'lilnriti".       C 


iiiciiilf  is  iihvavs  siiiri'iiiiilc 


ll  liv  ii  lliii'k  liiver     I'  k'ncoxei 


ll  ]., 


-"iiii-tiiiu's   U-eii    ciiiiiiilrlilv     ii-|iliii-ril.      Miiiil.iii-    i-    ii    very    i-i.ii 1 

M-.-,'iiih  ry  miini'iii  iiiul  iMiiir-  in  ri'iihici'iiicni-:  aii'l  vcitilet-. 

Ill  tlie  iiiiirc  -lii'iiiTil  v!iri-lii-.  tlic  foi'k  ri-i'iiili|<-s  11  iliiik  mi'i-ni-h 
>i-lii-l.  'I  lie  pnriilix  ritii-  iiiiil  Ikiu'i'iI'^  i-liiinii'tiT  of  tlir  ro'-k  i-.  lio.\- 
.\(r.  ii-ii;illy  imv-irvfil.  Ciilciip  \i  inlet*  iire  iii^tiiiUy  vi-ry  miiiii-i'.i!-. 
rin  !ilil-|iiii'-  liiivc  liocii  Iwi-ti'il  ,iiii|  liriikni,  tl'i'ir  cdnos  I'layi  il.  I'li.l 
ii.ni-  lii'i-ii  icpliicc-il  liy  I'liiilutf  iiml  I'iilc'iti'.     liciTystalliznl  felil-i..'i- 


n    iil-u  ciiiiiiiiiiii.     'I'Ik^  alli-riitioii  (if  the  ln'riilik'nilc  i-^  i^i 


niihir  til  lii.ii 


ilic'l  aliipvi'.  fM-i-pl   ilia 


I  i-liluritr  i-  iimrp  alpiiiulaiit.     I'.viii  ii 


illi-rcil  viirii'tir-  miri  .ijicvn  aliti'  ami  lriu'r.\i-ne  afc  prc-i'i 


it.  llll. I 


iliiN     I'linii-li    cniivi-iiifiil    i-anii.iik-    fur    ili-linuui-lilin;    tin-    -luiir.-'l 


•  iiio  iiori 


liyrito  from  tlic  -liiuircd  anilc-ilf. 


line   Ilia 


ine   iiruiiii'i 


I  phnxix. — The  siiialli-r  ilski--  uf  'lim-ito   i'iir|ili.\ritr 


11--  arr  vrr>    Inn-  i;i'auii'<l,  ain 


■  llll  lln-  ciiiitact  [ilui-e-  of  till'  liir;;i-r  ImkI 

'ii-y  ri-si'iiil)le  iiiegasf'iiiiii-iiUy  amli-^iio  iii.i'|iliyi-iii--.     Tin-  (...riiliyriii. 


i-liiinirtcf  i  ■  111 


lire  pi'iiui'iiii.-i" 


111  till-  tiiiir  L'laiii 


ll  rii.-k-.  l.iil   nth. 


m:-i>  tlirv  ari'  idi-iil  n-a!   \.  iili  tin-  imriiial   van<-ti.-. 


(;(/iM-/-    III  II I 


,1    ;,/., 


11    llll'    hll'l-'i-l"    -tiii-k-    -ur' 


■:illi.-ni    >il 


l-priii'j-    i-hiii  1    tin-   i-..r!;    i-^ 


miiil    liiii!!    Ill    tl 


»«1ii9Hler^Svik 


K> 


l.liiliHK    M     >l  IIM  \,   ■    \S\I>\ 


...nu.l  M.ri.tv.  .n,.l  .!.■  ,..o-|'l.,vriti..  t-xtMr-  mI  liu.f-  U  .m.l.-vrlopcl. 
'11,0  „muMnl  .■.„H,.n,itinn  i-  -i.nih.r  to  tlr,.t  .  f  tl.-  nnrmnl  .hor.le 
,.„ri,l.vrit,..  l.Ht  tl,..  .-..Mi-.r  Knii....!  pirn*.-  vnrv  „.  .hwni.M.l  .v.mpo..- 
,;,.„.  :i.,v..l.,,,lnu  l'..|,lM'"'l'i"  ""l  lH.n.M.-..li.  .-..•i..-:    tl...  Intt.T  .o.no- 

,1,,.,,  !„.i„u  1 1   a!n,n-.   .M.in.ly   ..f  ...„-,.   l,l„.l-.l   h-rMvn.U: 

1,1V  to  :.'  I'lii.  ill  iliii:i,.'tfr. 

(iahhro  ,,.n,.h><r,l..-i^v  Mm|.1.-  mou.,t:,in  tl.  of  .M.M,lu  l.,i.v.  in 

r,„„i„l..n  .li-tri.t.  tl...  ,.....,,, it,,  i.  .nor,,  lu.-i,..  tl,-  fel,lM".r  ».c.n^ 
l„l,ra,l,.rit..  AK.  I'- A.,. «...  ,....l  ....(iito  ns  well  v.^  l,..r..t.l.M..l..  .«  an 
.,..,.„ti„l  ..oi,  .i,,i,-..t.  Tl,..  t,.xt,T..  i*  coar^or  jrn.in.-l  that,  in  th.' 
„„n.„.l   .liorit,.  porpUyri.,.,   an-l   is   s,>,.,..tii.,..-.   i..   ll">   finer  (frn...,.a 

,,h„„.s.  .li-.lm.i,..     O.l.-ruiM.  i..  .nl..,.n,l  To-itio,.  .,m,1  „ltor,tt.on 

tl,..  i:,il.l,r..  p-.rpl.vrit,.  i-  >iinilnr  to  tlif  .liorit,-  porpl,.vrit,>. 

■Ilosellr-  .i.il.hrn   ,„,»•/,/,//',/'•.— Anoll.or  pt..,.iiru>r  variety  of   tl.o 
porphvri...    o,.,.,.rs    wlii-l.    h"^    Ik'...    .-onveniently    dosiKnato.!    ..- 

•rosetto-  «,.l>l>.o  porphvrito.      It  in  Lost  .IcvoIoimhI  n.nr  the  top  ol 
Mount   l!r,>..ton.  hut  ov.i.    tl.o    diorit.-   porpl.vr.t.^   ...   ..tl..-r  plu,. - 

lui-  ..oin.i.oi.l.v  'i-o-.tto'  t,n.l,'..(.ii'S. 

Maa-osr„,n<:.--yU'   r-nU    i,   l.olo.T.v-talli.....   .....1   O'-.-ists   .s^c- 

,i;,lly  of  plu«i.,-la.e  a.„l  l.or..l.U.,lo.  l'laKioc.l..so  ha.  cr,  .tall...-!  hr.i 
i„  larKO  iM.t  ..arrou  r,..ta..»-'uh.r  or  tap..rinff  crystals  up  t,;  2  cm.  xu 
l..njrtl.,  av,^ra,i.„'  al.,.ut  Lr.  ,•..:.    Tl„.-o  -ry.taU  or  ph....o,.rvsts  ra.h- 

ntc  fro.n  a ...o„  ......tr,-.  a„,l  tl...  gro,.p-  r,^-....!.!.-  Uv^o  sphrr..!...^-. 

(.„  OKpose,!  s,.rfa..,.-  tl.,.  pla^Mo-'la^..  Inw  uoatlaT.^d  ^^\u^o,  so  that  tl.- 
„.„.,p.  forn.  .•on>pi,M.o..-  ro-,>ttns  whi-h.  a-  tl...y  ar..  v.-ry  .....n.rou-. 
au,l  arra,.K,',l  i..  P^rall,!  plan.-.  «iv.'  the  ro.-k  a  n.o^t  p.-uhar  app.a,- 
iiiiop  (si'C  I'latf  Vllf). 

l/;,,...,o,,;,.-Tla.  r,».k  .ouMsts  .-.^.ntially  of  plaKio.'las..,  au^ri- . 
n,„l  l,or,.l.l...al-.  The  pL.^io-'la^c  f.,r.n,  nhout  fiO  per  cent  of  .!,•■ 
r.„k  It  ha^  a  /oi.al  .tr.aturo.  a...l  mnp^s  fro.,,  n.  '.l  Inhra.lor.tc  .•> 
l,n-i,.  a,.,U.M..o.  the  nvcTa..^  U.m..^  so.,.owhnt  n.or,>  basic  tha,i  Ah. -n 
\„  -,0  It  is  fr..sh  an,l  ,.nalt,.r.Ml.  v.n<\  ns..ally  o-'ours  m  Inth-shap-.l 
orv'.tals.  au.l  for,..s  hoMd-s  th.-  '  ros^tt...;  s,..all  Inths  in  tlu^  ...or,- 
fi,;,.lv  crvstalli/ed  ^roundn.ass.  nor,.hl,..,do  is  the  principal  f-^.n..- 
„  M.oral  '  It  is  i,.  part  nriKi..al.  and  i.,  part  snrn.unds  the  nu^.to, 
.u.v;„.stinp  that  it  is  s.H.on.lary.  V  i«  the  ^an.e  variety  of  honthle.-l.. 
,lu,  o..,.,..-s  in  tl.,.  diorito  porphyrias.     Son.e  of  the  hor..hlon,l,-  .s 


I-I  <     \lll 


i  .  u.ortion  m  tl.e  stnititicl  r„rk.  ,.f  tl..-  Sick.T  .eri.-.  s,.,itl,  .l.or-,  Salt>l.r,i,tr  .>lan,l. 
'.'n!     p.  SO 


ifOKikv  Jk'~*-Pr.r*i:r'  ^^i^^^SF" 


'5Ji«rrffei..' 


kill        ||>  ||\      \    \M  >il    \  I  II     ;»|,\MI 


ill'lhlllnrillllKll-     Ul 


til  lllf   frlil-l'iir.  lull    the  liirurr  Ii;irl 


|.    'lllfl-rr 


hll 


iir  iii»<T«liliiil.  'I'll"'  iiii«it«'  !•<  ctiii  iiiuiilx  iiitiT-<rliil,  aii'l  imii  iin  imli  « 
till'  -iiiiilii'r  tilil-|iiir-  upliitiiMllv.  Iliiiriiih'  i«  ilir  iiiil.v  iiii'f-«iirv,  nml 
I'.. nil-  I'lilly  .'■  per  coiil  ul'  tlu'  rock. 

.1 /'<  cii/i'oi".  Tile  IVii  ii'  iiiiiiii  iiU  luur  I.I  <  II  -III  iirc'l  nml  iilli-ri'il 
•liulilly.  TliP  r<l»{i-  111'  ilic  fniiii-  iiri'  ii-iiiill\  iiuirkcil  li.v  ii  itfi'^vth  of 
.Mtiiii'lilo  iicfillf*.  'I'lii'  mmiii'  ;  -.iiiii'liiiir-  irriiiinliifi'il  mul  i<  nltcr- 
iiiif  t"  iinilitc.  Mini  till'  liiiniliiriiili'  i-  uliiriim  to  liiilii  liri'uii  liintiif 

lltisiill  ur  (iiiilinilr  iHtiiiliiii  III  ~  lulni-iM'  iiiln  tin'  -llii-ili«i|  tiilii- 
M  iiii<  •liiti-,  wli  it'll  III  cur  I'll  iIh'  ili  villi'  111  Hm  111  (111  inn  ill  II.  liMT  Mini 


<  iittiiiiwiMxl  criick.  iiiirlh  ul'  Cuwicli 


nrc   iiltcrnl    iiiir|>li,v''iti 


u'iiicli  iiro  lint  cli'iirl.v  rcliiti'il  t"  tlic  (fubbri'-iliuritti  jKirpliyritc.  'I'lifv 
.ire  ifri'.vi*h-(iri'«'ii  ri'ck«  with  nti  iipliiiiiitic  ki'i>imii1iiiii-'<,  uTIiI  iiiiiiicrnm 
I'nirly  liifKC  iilicniMTy-t-'  i>t'  wliitc  wi'iitlicrliiyr  fi'lil-ipnr,  which  cniiiuit 
li  ilctliiitcly  <li'tiTiiiiticil  iiiicin-ciipiciilly,  l.ut  i-  plinjincln.c.  pT'ilniMy 
Lilir.nlnriti'  iir  aiiilc-iiic.  'I'lic  tTnuinliiin--  cmi-i-t.  nf  iillcrcil  plutrii'- 
'  l.i-c  with  -cciiinliiry  t'cii;ic  iiiilU'i'nl-.  iirnlili'.  liirlit  hrnw ni-h-trrccii 
iiiiiii,  mill  ncci'.-ory  iiiiiniii'tilc  ur   iliiiciiilc.  ninl  tilniiitc.     (jiiiirt/.   i- 

I  ic-i  lit    hilt    iiiii.N    I iniiilnry.     <  >tli<i'  -i inlnry   iiiincinK  iirc  -cri- 

•  iii'.  l.iinliii,  pyritc.  mill  liiii.iiiilc. 

M iiiiidiiiii/ioii.  All  lit  the  T'  cU-  ill  ill.  ^i.'ucr  scric-  arc  iimrc  or 
ir--  •  iniiicrnli/iil.'  the  diiit'  lintnllic  n  iiuTiiU  hcitiu'  iiiiiiiiii'litc. 
I'M'iti'.  rhiilciipyrilc.  mill  pyrrhiititr.  in  rciutivc  nhuinlmicc  iihinit  in 
ilic  ni'M  r  iiiiiiK'il.  Ill  the  -lienfi  il  mill  -chi-torc  \nrietio»,  e«peiinlly 
iic.ir  the  iiitri.-i\e  porphx  riti -.  ih"  iniuerali/nlinii  i~  e-pecially  rich, 
.iinl  cirtiiiii  I.)"  the  iiiipri'fiiiat'il  mnl  ri  iihice.l  -i-lii^t-  have  l.eeii  pre-- 
I'li-lc  1  «liirhtly   in  the  -eari-li   I'"!'  cupper  ni'e.      I'.vrile  ami  chalcupv  rite 

II  mill'.'  ipiartz  ami  cah'ite  Vi  in-  arc  v.-ry  c  iiiiiinii,  mil  iii  Mi.mit 
Sii'kir  the  'I'vcc  ere  !  mly  \va-«  ilc\c|iipi  i|  in  a  -viiclim'  •  i  the 
L:r.ip!iitic  -■  lii-t-,   near  a   ilyke  nf  ilinrlf     purph;  rite. 

>!  iiicl  iiitil  II  liinoiix.  - 1  iiliiiiitl.  'Vho  xili-miic  ami  ^^tratiticil 
r..il;-  nf  the  Sicker  *erie-  have  hcen  cln-ely  fnlileil;  ami  nimiy  sii'.all 
I'M-  ami  contiirtinii-  neciir,  i--i)Ocially  prninim'nt  in  the  -^tratifloil 
rni'k-  nf  -iiutheru  Salt-priiiir  is-laml.  The  -trike  nf  the  fulii-  nvorajfc-; 
.•ilii.iit  X  T(t'  \V  ami  varie-i  hut  -Ii'_'litly.  The  ilip-  are  cliielly  -teC|i. 
:iiiil  tn  the  siiutliwe-t.  the  elii-ed  fi.hl-  heiiin  -lightly  overtunieil. 


"*-p£  <*  SJe-.v-j*A*»r'i 


i.i.oi.iMji  \\   »i  ini;\ .  I  ^^  M'A 


■||i,-  -.li,-  liii-  jl-..  Im.mi  luillc.l  .Miii-ivlv.  On  Mnuiil  Si.-kc  1- 
111.,  limit-  iirc  -trikr.  jii.l  proUiiKlv  .•.)iiii.iT^-i<>ii  "i-  ivvei',ed  fniill-^: 
due  t.)  the  rl,,-,-  f..l.liuu  iiiid  iii.i..-tion  ..f  lli'.'k  iiiii-i-^  of  .liorit.- 
|)nr|ili\ril<'.  Ill  ;ii"-i  iii-ii.ii'i-  it  i-  iiii|Mi--il>lf  to  ili.tcnniiu'  llic 
fillioMlit    of   ,li-|ii;i.-.-liciil    of    Ihc    f;iiilt-;     loit    it    i<    l.roliiililr    tilMt    tllo 

totnl   .li-pliuo Ill   i^   not    pi'opoi-lioiuil    to   til..   MiMomit    of   moveinout 

uhi.-li  liii-  tiiUoii  |itiii-f.  wlii.-li  iiili-t  .liivo  Ix'cMi  ;it  tliii.s.  to  jiul;;C  fioiii 
tlic  iiiii  .lint  of  -lioUciiMclini;-  iind  >hi'iiriii^-.  vn-y  i:r.:il.  'rriui-vci-c 
f:mlt-  iil-o  oociir.  wi'li  cxposod  in  tin'  tiif:io,-,,n-.  -liito-  north  of  Cowi- 
cliiiii  liii.v.  'riicv  ;ii-i'  in  pnrt.  :iiid  niii.v  Ik'  I'Utiirly  i-rvcr-cd  fiiiilt-. 
'riicv  iifo  iiiiin.roii-.  hilt  ii-ii;ill.v  of  sniiill  di-|ihicciiiciit,  M'ldoui  iih'P- 
tliitii  iX  few  fcft,  and  lire  not  marked  h\  cxtiii^ivi'  slieiii-  /one?.  :d 
tliongli  the  -tnitii  iifar  the  faults  have  fri<iiuntly  hccii  hput  by  th. 
drag  and  fricth.ii  of  the  walN  a-  they  niovrd  nvoi-  oiich  other.  Ho-idr- 
tiie  above  fault-,  lari^c  hoiindary  fault-  o.^ciii-  which  hriii;,'  the  rock- 
nf  the  Sic'kcr  -eri<-  .-ind  Cowiehan  yroiip  into  eonjiiiiction  with  ea.-h 
olIiiT.  The-o  ai-e  .li-.-ii— od  uii.l.  r  tlie  -triH-toral  relation-  to  the 
( 'i.w  iehan  iin.iip. 

'I'he  -tnieiiire  of  llie  -erio-  i-  - iiipliealed  that  the  fold-  l.a\. 

not  heeii  eorielatrd  .iver  vry  larjie  area-,  an.!  the -ti-atisjrraphie  -ii.-ee- 
?ion  of  the  voleanie  ami  -t ratified  roek-  ha-  not  yet  heeii  deterniiiie.k 
.'^ineo  the  -Iratitie.l  r.iek-^.  whiih  are  dnieinanl  in  the  -oiitliern  helt  m| 
tile  Si.-ker  -I'rii'-.  ;:rado  in  one  in-taiiee.  alonj;  the  CheinaliiiK  riv  r 
-oiiih  of  niniiiit  Sirker.  into  relatively  nninetaniorplio-od  MHlimenl  ai-> 
roc-k<.  it   i-  iip.hal.le  that  the  -.'ri.'-  dip<  a-  a  whole  to  the  south,  tk. 

vnh-aiiie   1 k-   iiradin;.'   in    ^I'lieral    upuard    into   -tralitieil    r.i«-k-.   .i 

th..Mi;li   the  iw..  ave  al-o  eii'arly   interheilded.      If  ih<.  -tratitied    i..;.- 
are  thi-  yoim-vr.  the  iiifnhl-  id"  .piart/.-tale  aii.l  f;rapliitie  -elii-(-  whi.  h 

oeeiii iiioiint   Sii-ker  are  -vmlinal.  and  thi-  ha-  keen  pp.ved  to  1  ■• 

true  hy  Mr.  .1.  W.  Bryant,  of  the  Tyee  Copper  Coiiipaiix.'  in  the  ea-r 
of  the  relatively  narrow  fold  in  wliieli  the  Ty.v  oriOiody  oei-nr-. 

•j'he  .|iiart/.-l'eld-par  and  -;aiihr..-di..rite  porpliyrite-  are  ele.ir'- 
iiilr  i-ive  h.iilk -.  iiij.'eted  ill  111— t.  if  11. it  ill  all  in-taiu-e-.  and  are  n^  : 
till.,  -t.i.-k-  ..r  hath..|itli-.  tiiat  is  are  not  -uhjaeriit.  Willi  tl- 
,Ae,pll..ii  ..f  the  -toek<  of  eoar-er  ^ri'ine.l  oal.kro-diorite  p..rphyrie  . 
the  porpli.wite-  have  he,n  inje-.t.'d  lariiely  parallel  to  the  -trike.  - 
•hat  the.N  :!!v  .-. .ii f. .niiahle  t,  >  the  hed.lin-  ..r  -hi-to-ity.  They  liav. 
;,1-,,   MitVri-ed    ill    -..in.'   .l.'Lire.'   fn.iii    th..    f..l.linn-   an.l    faiiltin;.'   xvhi'k 

■S!,.,un    in    t!i      li;;an-    puk'i-),..!    «i.l,    W.    H.    ^V.."'--    .ulirl..   .';■    '- 
■!\,,-    >niM,..      la.-.-,   a.al    Mill.    •'-'•nil.   ■*-^"-  -■<■   ""'^-   I'P-    l!'^'--"'- 
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GEOLOGICAL  SI  RVKV,  (  ANAliA 


(liKiilz-tVM-iiar    or    pr;ni.Mlioriti>    poriilivritc-    cliuriic-tfri-tic    of    the 
jiiMiiodiorito  contact-. 

The  larpor  part  of  the  K«(lin;ciit-  of  tlic  (Hui.-liiui  frroiii)  arc  un- 
I'liiifonnablt"  upon  the  Sicker  scries,  ha-iil  t'oiifrlduicrates  re-tinjr  i" 
iii:in,v  occurrence-;  on  erosion  surfaces  of  low  to  niocU-rate  relief 
developed  liy  a  pre-upper-C'rctaceou-  erosion  cycle,  rnconforniitica 
of  this  charaeter  arc  well  exproed  en  Mount  Tzoulialcni  nortli  of 
Cowichan  hay,  on  the  mountains  of  central  Salt>prinn-  i-land,  and  on 
the  northern  .I<>i)C-  of  Mount  Kichards  and  .Mount  Sicker.  The 
southern  contact-  i-f  the  northern  and  southern  hclts  of  the  Sicker 
serie.^,  which  are  with  the  sedinu'ut-  of  the  Cowichan  frroup.  are  in 
the  ea-teiii  part  overthrust  faults.  They  have  a  pcuCrai  strike  par- 
allel to  the  -trike  of  the  -cries,  that  is  ahont  X  C-:^"  to  Ti*"  W.  and 
the  upthr..v.'  -ide  i>  to  the  north."  i\\\<\  Mie  vertical  di-phicenicut  or 
thi-ow  ha-  l.ceii  in  each  ■•a-c  con^iiicrihlc.  at  Ica-t  l'.OOO  feet.  The 
we-tward  e\ten-iou  of  tlie  twn  faidts  l.eyond  Cowichan  and  Coiuuiken 
di-tricts  is  net  known. 

To  the  we-t  of  C.iiuiaki'U  di-trict.  the  -..utliern  contact  of  the 
northern  belt  of  the  Sicker  >eries  with  the  sediments  of  the  Cowichan 
jri-ouji  is  well  e\po-e<l  in  the  heel  of  Cheinaimis  river  south  of  .Mount 
Sicker,  and  appears  tn  he  transitional.  'I'hc  eoiitai't  is  with  the 
sclii-te-e  sedimentary  rocks  of  the  Sicker  serie-.  notahly  the  schi-to-e 
CMn.iih.n-.cratc  de«-rilied  ahovc'  The  cnufrlomcratc  frrades  southward 
into  greeni-h-firey  quartzose  sandstone-,  which  consist  of  fine  angidar 
to  -uh-auLiilar  (piartz  ;>r,iins  in  a  carl)onacco\i>  rtnd  arjrillacenu- 
niatrlx.  'J'hcy  have  hecu  -omewhat  metamorphosed  and  silicitied. 
secondary  mineral-^  hein-.'  very  abundant.  Farther  to  the  south  occur 
slaty  sliales  with  thin  intcrheds,  about  a  foot  i  in.";,  of  qtiartzo'c 
>and-tone-  -imilar  to  tho-c  described.  The  shak  are  black,  some- 
what -laty  ami  -'■hi-tosc.  hut  are  clearly  altered  carbonaceous  shiile^. 
They  wradc  rapidly  >outhward  into  cipucentric  weathering,'  carbona 
cell-  sandy  shah>-,  with  fhin  intcrheds  of  sandstone,  which  cannot  be 
di-iiiiLiuished  lit'.iolotricidly  from  similar  rock-  in  the  Nanain'.o  lorma- 
tic.ii.  The  cxpf)-ures  are  continuous  nml  the  beds  all  conformable. 
luiviiifi-  a  strike  of  abotit  X  ili>'  W.  with  nearly  vertical  dii)s;  or  over- 
turned slijibtly.  so  as  to  have  a  steep  dip  to  the  north.  Three  to  four 
mile-  t'l  the  southeast  on  :Monnt  I'revo-t  the  steeply  dipping  shale- 


■  Tlie  evid^iK.'   ot   faulting    is   discus-ed    more   fully    under    Cowicli-o, 
Kliiup,    paj;t'    I-!*- 
-  ."Sfe  uairo  "• 


sill  TiiKiis  X  \NLiir\i;ii  Island  •«.) 

MTi'  ovri-hiiii  liv  jiriitl.v  ilipi)inir  iMiiiuloiiu'rati,'-.  iipinireiitly  ot'  t'u" 
Xiuiaiiiin  I'lii'iiuitioii,  1111(1  xhv  cuiitiut,  thmigli  imt  ;u'tiially  expu-i'il.  is 
ulniust  (rrtiiiiily  ;iii  ini''i)iiforir.ity.  The  <eiliiiu'iitiiry  roi'ks  nf  llic 
Sicker  siM'ii'~  ;iri'.  tlicrct'iirc,  witlimit  iiiucli  iloulit  coiit'iirinable  witli 
lower  lujri/oii>  in  the  ('i)\vic!iiiii  yruup.  ulthoiigli  ;i~  st!ite<l,  the  hn'mr 
luirt  (if  fill'  ('(luichau  ui'diiii.  tlint  i-,  the  XaiuiiiiKi  t'dnnatidii.  i- 
clcMrly  iiiiciiMl'nniialile  upmi  thuiii. 

Moih'  of  oiifi'iH. — The  Sicker  >cri"^  have  liccii  .-ecu  to  eon=i-t  dt" 
voleaiiie  rocks,  larirely  aiide-ilic.  with  interbeils  of  -tratitied  rock-. 
which  grow  in(ir(!  iiuiiierous  iiiiwanU,  aiiiiarently,  until  they  pic- 
(Idiiiiiiate.  The  ^tratitie(l  roeks  are  in  large  part  tiediinentary,  but 
are  probably  mixed  with  more  dr  !e--  tiitaccdiis  material.  The  rcck- 
have  been  closely  folded,  fiveatly  nietaniiiriihosed,  and  injected  by 
(|iiartz-t'el(lspar  and  f-abbro-dinrite  pdrphyri!(  ■:.  The  metaniorplii-iii 
has  been  in  part  regional,  but  the  extreme  ir.etamorphirin.  especially 
that  noted  in  the  iiortlierii  bilt.  between  Maple  bay  and  Mount 
Brenton,  has  been  probably  due  in  laruc  measure  to  contact  lhhI 
theriiud  agencies,  active  duriiii;  the  injecti(jn  of  the  frabbro-dioiitc 
l)orphyrite~.  It  i-^  remarkable  that  the  intrusions  niid  (.xtrenio  nicta- 
niorphi-m  should  have  been  contiiie(l  to  <ueh  a  relatively  narrow  belt. 
It  is  cvcii  more  remarkable  that  these  nietaninrpliosed  rocks  should, 
in  le>s  than  a  ([uarter  of  a  mile,  ^frade  into  virtually  uiimetanidr- 
lihosed,  although  closely  fobbed,  -ediment-. 

Age  and  cornlation. — The  rocks  of  the  Sicker  scries  are  all  pre- 
upper-Crctaeeous,  since  the  Xanaimo  for'iuition  rests  unconforniably 
upon  them.  With  tlu!  excptioii  hI  the  iHirpliyrites,  the  rm '-- 
are  all  pre-bathfilitliic,  that  i-,  jirc-upper  .lurassic.  The  volcanic 
and  stratified  rocks  are  cdnfornK.blc  with  the  Vaiicnuvir 
volcanics,  and  are.  therefore,  one  of  the  ii:enibers  making  up  the 
Vancouver  group.  As  already  meiitione(l.  the  po>itioii  of  the  V"!- 
canic  and  stratified  rncks  of  the  Sicker  scries  ii.  the  Vancouver  group 
i-  entirely  doubtful;  although  it  has  been  suggeste<l,  but  with  objec- 
tions, that  I'ley  form  one  of  the  higher  members.  If  tiicy  arc  one  if 
the  higher  formations,  they  are  pri^bably  lower  or  middle  .Turas-Ic 
in  age;  if  not,  they  may  be  either  Trias-ie  or  .Iurii-~ic.  From  the 
close  litbological  similarity  nf  thi'  (piartz-feldspar  purpbyrile-  and 
tiie  contact  porphyrites  of  the  Saanieh  granodioritc.  it  is  pre-uir(  d 
tluit  they  were  injected  during  tbe  general  peridd  of  intrusidii  of  t!io 
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Saaiiirli  «iiiii.Mli(iritc.  tlmt  is  in  upper  .lur;is-ie  time-.  Tlie  mililTn- 
(liorito  porpiivrili'-  ure  ii  rliiinly  vuiiufier  liuui  tlic  (pmrtz-t'clilspiir 
porp!i.vritc«.  mid  inny  hv  .\iiiiiincr  than  tlie  Smiiiieli  liniiiiiilidritc.  !t 
so,  they  tuny  with  more  m  — iiraiiiT  he  ci.rrciiiti'il  with  the  iliorites  iiml 
(lioriti-  porphyrite<  iioteil  hy  MeCdiiiieir  on  Texiuhi  i-liiii.l,  which  ii- 
ela-»ilic-  a-  linver  Cretaet -  ni-  iip|«'P  Jiira-«ie. 

SlMMMn     lit'    INTI.ItWI.    Ur.l.VlliiSS    of    \.\N'i>l   M:i!    iniOl  1'. 

It  i-  -e.  II  tliat  tlie  iihuve  imiitioiied  loiiiiaticii- :  Mtiiial  luiiiia- 
tioii.  N'aiiei.f.ver  volennii's,  Siiltoii  fonnntioli,  ami  r^iirfaee  meiuhcrs  ut 
tho  Si<l;(r  series,  compose  what  is  apparently  a  i-'reat  (r'liforinahle 
uroiip,  all  Iniviiijr  the  same  rtnietiiral  relation-,  ami  oceiirrinn  eon- 
tiuiion-  to  on.^  another.  Tiie  thieknoss  of  thi<  jjrreat  tzronp  cannot  1m- 
even  estimated  with  any  deirree  of  accuracy.  It  is  certainly  very 
thick.  Dawson's'  estimation  of  the  corre^pon.linfr  pronp  in  the 
int,?rior  of  British  Columhia,  the  Nicola  trronp,  i-*  r-).:<(»*  fe.  t.  luit 
it  serms  as  if  the  Vancouver  group  must  he  at  lea-^l  -JondO  feet 
thick-,  and  r.iay  he  very  mnch  more. 


MRTCITOSTN   VOLC.W'TCS. 

The  volcani.'  rocks  of  the  sonthernreost  part  of  the  i«land  have 
heen  hriofly  dcscrii.e.l  hy  Dawson  in  his  report  on  T.eech  river  ar.d 
vicinity  .  and  have  heen  calhM  hy  him  the  Sooke  series.  The  naim 
Sooke  has  al<o  heen  u-ed  as  the  specific  geographic  term,  desifmatinfr 
the  Tertiary  he.l^  exposed  on  the  Sooke  river  and  aloT.fc  the  shore  of 
Sooke  harhour."  and  this  nse  as  :'.  formation  name  has  been  listed  in 
the  dieiionary  of  formation  nain.'s  compiled  hy  the  Fnited  State-* 
(ieolopical  Survey."  .\s  the  volcani.-  rm>ks  are  well  exposed  in  the 
district  of  Met.'ho^iu.  and  umlerlie  nearly  the  entire  district,  in 
order  to  avohl  confusion  of  names  it  ha<  heen  thought  hest  to  de-^iLT- 
nate   the   v,dcanic  «eric.-   ..-   the    Metcho-in   volcanics, 

'  i;.  (i.   Mer..iiMfll.     Pnminaiy  Report.  Ocl.   Survey  Caii.ida,  for  190'<, 

'"'■  fa  M.  Dawson.     B"!l.  O^l.  Soc.  An...  Vol    12,  1901    p.  62.  „ 

(I.    M.    |la«-ru.   ti.el.   Siir\rv   i.f  Ciin.ia.i.       Ilept-   "*    I'roBie-.     IS.t,-.,. 

"•   ^''l    (•    Merrion.  Ball,   Iniv.  fal.  O.oImuv.  Vol.  2.  Xo.  X  lS!Mi.  p.lftl. 
•  i  '.  S.'  C.-oI.    Sr    vey.      Hull.    1"!.   IWJ. 
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Soiiilirui   riM'r, 


'riic   rucks  (if  till'  foriMiiti 


ill    11  rr    wrll   expo 


n-^.vl.     'I'l 


■  illilr>    lli''>     iiliclcrl 


nitrirod   aii'l  of  the   pliiltwii   type,   with   h 


.If.l.  |.;ii-i'  I ciik-i  ri-iiisr  iiliovo  tl 


ic  iicinriil  hv 


<t    i-   hohl 


ml  iiffoni-  cxii'lli'iit  oxpo-iirc 


Tho  -^oiithcrii  hdiiinhiry   in  the  I'li-loni  iiarf   h;i-  1 u   faiii'ly  \m-1I 

I,.. I.      Thi'    unrlhirii    houii(hiry.    uhi>-h    i-    :i    liiiih    iiinl    tii.-ri-lm-r 
r,  liii-  hccu  lorntcij  nt  ii  minihcr  of  iiliic-:    niid  ii- 


irc-lilii;(lily   rfv'iil.-i 


It   lollow!-  :i   very  iiroiioiiii'Tii   vn 

with  il  coii-idi'lMhlc  ilc;.'ri(>   nf  acriirtwv . 


^t-\\c--l    \iilli>.    it    i-    proli;;hly    si 


Thi'  Xiiiious  type-  ol   Miliiiiiic  roeU-  ninl  their  rehition-  are  very 


L.ti 


wi'll  expi 


cl  oil  Alhirt  heail.     This  head  i-  only  ahout  a  mile  and  a 


half  hiiifj  and  half  a   inil(>  aero-<.  and   i^  ea-ily  aeeo--il>le  from   V 


torni. 


JAI/iolonlciil  rhiirdcltrs.  -Tiie  roeks  of  this 


M'lie-   ari'  a 


11   til 


pniK-'ip; 


illy  ha«alt,  hnt  some  anpito  andcsites  also  oceur.  and  there  are 


many 


intrusive  hodie-  of  dia 


Textnrally  and  strneturally  liny 


r-(dy     (lorpliyrilie     and     ophitie    lia^nlt-     ti 


vary    wiilely.     trom    eoa 

aniyiidaloidals,  from   line   to  eoar-e  ar-^i'i'''!  tutls,  and   frmii   injc'tei 

(Mir-  of  diahase  to  i)ipos  of  airirlonierate. 

/.'i(.va//.— -V<i( 7o.«n,,;c. -Tlu.  nio-t  aluindaut  rock  i^  an  aphanitie 
ha-alt.  n:ore  or  U'^s  poiphyrilie.  The  finer  grained  iion-porphyritic 
v.rk  i-  dark  (rreeni^hfrrey  in  colour,  haviiii:  a  purplish  tint  where 
1I1..1-  atfeete.1  hy  snrfac-e  allirati.'ii  and  oxidat'oii.  as  mi  exp '-ed  -oi- 
far  s  iind  al.iiii.'  tin-  numerous  j,,int  cracks.  The  coiniionent  minerals, 
ex.1  pt  for  a  few  plieiiocry-ts  of  feldspar  and  dissemin.nted  p.vrite,  are 
not  reeoanizahlo  in  the  hand  Mieeimen.  althouiih  an  rcoasional  flash 
nf  lidit  iViim  the  cleavaue  snrfaei-s  of  the  iilacioclase  needles  is  seen. 
;iud  on  some  of  the  -moi.tli  -iirfaees  tiny  lath-shapi-d  feldspars  in  a 
d.ii'k  matrix  can  l.e  dett>cted  on  elo-e  oxamimitioi.  Tn  the  pround- 
inas-  sp,,ts  of  preen  alteration  products  occur:  and  tliei-o  are.  in  the 
niMir  slipiired  i-ocks.  cah-ite  veinlcl-. 

Mlcro.troi.ir. — The  i>ro\indmas-  on  microM-i.pic  examination  i* 
-ecu  to  consi-t  of  essential  plapioda-e  and  aupite  with  an  intersertal 
t.xturc.  The  fcl,l-par  ha-  licMi  fiiniied  first,  and  occurs  in  small 
ii.edles.    which    have    a    tendency    to    form    rndiatin?    groups.      The 


IK8 


I.Kdl  'M.K   M     ^1  in  >,\  ,  I   \s  \\>\ 


au^itu  iifi'iir-  iiilii'Ki'"^^  II  \»iili.  iiii'l  I"  -I'liie  iNti-iit  i-  iiitt'r-litii;l  t" 
the  fi'M>|)iir.  mid  nl-o  (.<'iMir-  in  -ii;iill  jiriiiii-.  '1  lirri'  iuo  nccji-ii  umI 
siiiiill  pliciiiii'r.v-t-  ut'  iihij.'inchi-c,  uliii'l.  i-  laliViiilnrili',  Ah.  ;!.",  An.  li"'. 
The  -miillcr  I'cld-inir  priiiii-  nf  tlir  tirnundinii-s  nrc  of  iilioiit  tlie  -miii' 
ii)in|iii-.itiiiii,  |)i'i'li;i|i  -lijjiitl.v'  iiinri'  ini'l.  .Mafnictitc  i^  the  inly 
ncct'SMjr.v  miiuTiil.  ;iltliuii.;li  psriti-  i-  u-iinllx  prc-i-iit,  liut  it  i-  \t\:,\<- 
iilil.v  -i-i-iiiiiliir.\ , 

.|//./(i/(()(/.  -Tlic  fclil-iiiir  i-  nmilt'Tcil  in  l!ic  nnriinil  ruck.  'I'lir 
luinili'  \\i\'.  li' iivfvcr.  iillcrcl  nii>n'  «v  \i—-  to  a  tilmius,  light  niciii. 
plidchruii'  -iriicntinr.  l!,.-  \iiiict,v  Im-titi-.  Sunioliim-;  the  lia-titc 
..(■(•nr<  in  rathiT  hirp-  niii--(-  :i-  it  it  hail  rcphKcd  an  atifrito  phcno- 
cryst.  It  i-  thi'~"  inii"(-  tliat  ii'wr  the  -p.ittfd  apiiearaniv  to  tlu- 
hand  ^iiciiiia  n. 

l'oi)ilnii-ilir  nirii'lirx. — 'I'lic  purpliyritii-  varictie-:  art'  similar. 
I'xcept  f«ii  tiif  larjicr  and  ninir  almndant  iihcnmry-t-'  of  planiii<la-i> 
and  -.nnilU'r  nm-  nf  aiiyitc.  The  phcMidiry-t-  average  -J  or  ■'<  nun.  in 
dianii'tcr.  and  aro  sonutinic-  a-  lar},'<>  a-  1  cm.  The  ).'riminlnia--  i- 
aphanitii-.  and  may  cvimi  he  aniy^-dalnidal. 

.l/;<  ro.v(o/)i'-.— The  jioi-phyritic  tVldspars  an-  usually  fresh  and 
unaltered.  altheUKh  in  snuie  roek-  they  have  hi-en  chiuded  with  >au- 
snrite  anil  -erieite.  The  phencery^ts  are  lahradorito,  Ah.  40.  An.  HO. 
TIk!  orifiiual  anfiite  pheuoery>ts  were  less  aiuindant  and  are  now 
almost  eoirpletely  altered  to  seriieutine.  The  serjieutiiio  alteration 
sut'ffi^sts  the  presence  of  original  olivine,  liut  no  definite  proof  of  its 
e.xistence  in  the  hasalt  has  heen  seen.  The  jrronndma-s  oousi-t-  ot 
a  line  jfrained  mat  of  platioi-Iase  needles  and  aufjite,  elouded  « itli 
dust-like  nui^rnelite.  In  the  more  coarsely  crystalline  rocks  the 
firmiiidma-s  is  distinctly  diaha-ie  in  tvxture.  The  auffite  of  the 
frroundina--  i-  alterinj.'  to  a  tilirous  ami)hil)ole  and  <-hlorite.  Other 
secondary  minerals  are  a  l.rown  eldoritic  mica,  whi<-h  gives  the  altered 
rod:  a  pe<Miiiar  hronzedike  lustre,  and  a  re.l  (ddoritic  mineral,  iildinti- 
site.  i>  a  fre(pient  hut  not  ahundant  alteration  product. 

.lm//.'/'/"'o/'/->-.— Tlie  amyprdaloidal  ha~alt  is  similar  in  com:>o-i- 
tioii.  The  amy-dule-  are  commonly  of  calcite  and  n:ore  rarely  oi 
(\\\i\r\/.  and  epidote.  They  are  -eldnm  lariie,  averaj-'inff  1  nr  2  mm.  in 
diami  ter.  Tiider  the  microscope  the  amyirihiles  are  -een  to  he  vesii'le- 
lillcd  uilli  radial  jjroups  of  calcite.  wliicOi  s,,ii;elimes  -liow  eoncentrii- 
"TowtU  lines. 
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Tii.il 


if    ritnitt' 


Otlui-   tvpc-   1. 1    ll.>\\-   iiri'  li;iliili''l   i\l 


.1    I 


i.lr.l,    tlu'    liiiinliiiy'    lii-iiiir    M'l'.v    (\iil(iit     in    tln'    luiml    -ppi-iiiu  i.- 


Illlt    of  (iitflTll 


i.l. 


iir.  wliirli  ;;ri'  (li      priniiirilv  to  ii  oiiti  r- 


.1'  tcxtuio.     Olio   liiiiiil   limy   111'   viT.v     tiiio    frriiiiiod    mil 


!ir.  L'liiiii 


lull 


iiliii.  wliilo  tho  coiitimioii-  olio  Miii.v  lif  iiiiioli  1  (.;ir-iT  jrr;u 


ill 


porphyritio. 

Soll.C    of     tl 


;i-alt-    iiioliKlo   -iiiMll    -'lii.iro 


-liiipoil  fiiiyim  111  -  111' 
II  ilcriiil  cxiu-tly  -iinil.u'  to  liiiil  of  tho  oiirlo-ini;  ri.oU,  'I'liox-  iinlii- 
-ioii^  iiro  iit    tiiio-   \oiy   iiliiiiiiliiiil.      'I'lii-   fo:itiiro   i-   iiio-i   «lrikiiiL:!.\ 

-ooll    (111    tllU    WClltllOl-o:l    -llrfllCC.    lllo    little    Mork-    lioill^i'    ill    >llfillt     I'olii   f. 

Fiaiiniiiihil  (■";/''/'■>. —Otlnr  -iirfiH'o  volonnic-  nro  tVnjfiiiilital  in 
iliiiriiotcr.  tiitt-i  mill  uyirloiiiiTatc-^.  'i'lii-o  nro  fiiirly  luiiiuToii-.  ami 
ilioii;  iiiii«t  Ih-  >o\fi'iil  horizon-,  >iiin'  tlioy  nro  not  coiitiiicd,  as  f:ir  :i- 
!vihi«ii,  to  niiy  iMi'tiouLir  portion  of  tlic  foriimtion.  Tlio-o  frrt,i:iiii  nlnl 
II  oiiilicrs  rmii^o  from   lino  tuf^-.  I'liii-oliiinto.l  n-li-lnd-.  to  very  oonr-o 

.l^lilollHTUtl'i-. 

The  tiitT-  nro  ilnrk  iiiooii,  tiiio  jjrnincil  frnifiiioiitnl  rocks,  und  in' 
nltiii  -triititied.  Tl  nri-  «ooii  iiiidor  tlio  iiiiiro-ci,po  to  cdii-i-it  i  n- 
liroly  of  iiiinei-ids  >..iiihir  to  tlidsc  of  tlio  noriiuil  lia-alt.  Tlioy  ;iu> 
Usually  altered  to  -crpciitiiie  and  oaliito.  ("nloito  nl-o  occurs  in  voin- 
kti. 

The  frairiiioiits  in  tin-  n^filomenitt.-!  have  a  uiuxiimim  diaiiiotor 
of  iiboiit  (!  feet.  Some  of  the  nfiLcloinerates.  nntahly  the  coarser  oiio-. 
me  not  >tratiH('d  and  the  frnfriuents  are  anjiular  to  suh-anfriilar.  The 
-tratitiod  afifiloiiicrato-  -oldoin  coiitniii  fraRiiuiit-i  of  over  t!  inelie-  in 
i|inii:etcr.  The  fraf;iiieiit-  are  roiiiuleil  to  stili-angular.  and  iiumv 
iippcnr  to  lie  water-worn.  They  an'  all  of  volcanic  rocks,  of  n  hasiiltic 
'  iiiiipositioii,  and  are  dearly  related  to  the  nei^'lilionrinji;  basalts.  'I'lio 
liafriiients  raiiye  in  toxturc  from  amygdaloid  to  ii'  .,liyritic.  'I  In- 
niiitrix  is  virtuidly  a  tine  uraiiied,  hasic  tuff,  now  Inrycly  idtercl  to 
~ir|ieiitine,  ehloriti-,  and  some  ealeite. 

Dlahase  tljihft^. — Intrusive  into  the  ^retciio-in  volcanic-  arc 
iiinucrous  dykes  of  a  rather  typical  diahase.  They  are  tine  to  iiiediuiii 
i-'iaiiicd,  with  a  decided  opliitic  and  intcr>ertal  texture,  dark  green  on 
M. -h  fracture,  luitweatheriiiir  into  rounded  ma.-ses  of  a  Irow  n  col.  m  . 
Tie  p,-ential  minerals  are  lahradorite  and  auKilc.  The  minerals  ate 
fiiii-ly  frc-li.  but  till'  fzronndmass  is  alteriufr  to  chlorite,  and  there  arc 
;il-.>  luitclies  of  -crpcntino,  in  some  cases  in  irre-nlar  fibrous  nui--e-. 
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Ml. I  ;i-iilh  ill  IMiliill  :iL'i.'n u:it"-.  'rinTf  i-  M  ]"i--iliilil,v  tlillf  "OHIO  uf 
tllP    -r'Tpl'lltilli'    \M1-    il'fiM'il       '■■illl    nriuill..!    i.livilli',    lnit     IHillf    llil-    Ih'iT. 

^1  iiit    ill    ilh'   rm-li-.      Mii'ji.i'liii'  mill    pvriti'   ;iri'   ll Iiiff  m "•nrip-. 

illl  I  •  ■iiicli ■<  t'linii  frmii  ."i  I..   In  <„-r  c-i  iil   il   llir  luck. 

\ioilli'  iiitih  yilr.  (}<!  S!iirinL:liiiin  pdiiit.  luiir  ( 'niil  i-ri'il.  [■,  ;i 
ilvkr  .i|'  ;i  |iiir;ili-li  iipliiiiiilii'  I'l'i'k,  uilli  -iimll  purpliv  ritic  crv-tiil-  n! 
illl.  i-i'l  I'l'M-piir  nnil  a  ri'iK-lmiil  il  frm-tiT.  . 

.I/,',  y  ,,,«(■../. I..-  M  liTii-idpiiMllv,,  tile  Kriiiiiiilniii--  i*  -icii  Ic  cini 
,i«t  ,.\  lie,  illi'--li:ipt'(|  iiiiii-iiliii-  III'  tV|i|»piir  uliiili  i-  pliiniiii.|;i-.'. 
pri.liiilil.v  liii»ii.  im'l<>iiii;  "iili  lin  i.iiilc.  clilni  iti.,  i>iii|  >frniitliir.\ 
iiiiiii-iiil-  (if  till'  i'piilutt'  v'''"'i|'-      Tliirr  iii'c  fiu-  pliciiiii'r.v'fts  of  hn-i. 

iiiiiji-liii'    iir    iii'iil    l;ilir:;.liiriii'.      Aiiyil I'lii--    -piiriiicl.v    in    --ii-iill 

|.liiiii.ii'.\ -I-  wliii'li  -oiiicl  iiiii-  -iirroiiiiu  iiiid  iiirliiili"  tlic  fi'lilspar. 
Siiui'  lli(^  foM-piir  is  appiirriill.v  luulc-iin'.  tin'  v.n'k  i-*  l>«**t  rln^-f"!  .1- 
nil  iipliiiiiil  ir  iiuiiilr  niiili'«ili'. 

M  fliiiiioi  iili'fiii.  Till'  liii-alts  liavc  luit  -iifftTcii  frmii  as  nrr.i' 
iiiilaiii.irplii-iii  a-  wcmjil  ;it  tir-t  be  tlioualit.  'I'lifv  liave  bet'ii  lartsrl  • 
altercil  tn  ^Tceii^tipiu"-.  iin'  tViiiic  iiiiiicrat-  liuviiijf  t?one  nvrr  t"  . 
yrratcr  nr  l« —  rxtnit  to  clilorile  niid  scrpptitiiie.  The  feldspars  an  . 
liowi'vcr,  u-ualiy  iinallprcd,  only  tlic  iiinre  di'ciniipo-ed  siirfai'o  rm-k 
sliiiu  ina-  iini<-!i  iif  any  cloiidiiiK  (if  tlip  fcld-par-  liy  -pcniidary  niinoral-. 
illl'  cliarinlcr  i.f  tlie  alteration-'  i-i  siii-li  a-  would  lio  prodiurd  li\ 
ai|iii'oii>  -.oliitioii-i  iimlir  Miri'in-c  conditions  of  low  trnipcratiire  nn.; 
pressure. 

In    nniny    places,    lioucvcr.    the    ha-alt    and    diahase    Inivc    hci   : 
sheared   to  a  very  considerable  extent.     In   the-e  sheareil  rocUs  tlu 
aiijfit(>  lias  (fone  ..vor  to  iiraliti..  hornhlenil...  and  the  feldspar  lia»  Ik  11 
clouded    with   sanssuritie   minerals,  (jriic  ipnlly   ejiidote.     \\'here   th 
^hearinsr  has  been  more  intense  the  jihiu  -.ela-es  have  been  bent   1111. i 
ilisturted.   and   sonietim;  -   oven   prannlateil   and   reerystallized.   Tin-, 
hiive  aKo  M'pai-ate<l  aloii;j  their  clc;n nt;!.  phiiie^.  and  the  tine  (rraim  1 
i;i-..imdnniss  has  finfjrered   into  the  crystals  aloiiir  tbes..  erack-;.     'ri:- 
lihiMi.'inenon  in:iy  in  part  be  iliii'  to  a  -bearina-  while  the  ro(>k  Wiw  i- 
:i    -eniiiii. 'Iten    condition,   thus   developinir  a    true   prottiolastie  stni.- 
tnre.      Aloiur   the   shear  planes  the   feinic  minerals   have   nitereil    1 
s.-ri>entin'\  ancl   the  seriientiiie  alteration  has  apparently  sprral   t 
tlie  aiiirite  minerals  of  the  proimdniass  and  less  sheare<l  portions  .  • 
illl-  rock,  so  that  ipiitc  larse  masses  i,f  s,  rper'""ie  are  formed. 
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Al'iiiji    ill'     -linir    /iiir-    ill    |i;ii'l  ii'iiliir.    tlii'    v  "liMlii'--    iiri'    I'lit    l.y 

M'iiii  nf  ciiiiliitr  mill  (|Mnrt/.      riii-f  \fMii-  1 iir  ii-  Irri'Hiilur  rmniri- 

.Mii.iii-  mill  iii'tuiiik-  iif  iiili'r-i'f'tiiij  vciii-^  nml  viliilil-,  TIh-i"  iiP' 
Ti.vcr  of  iiii.v  ^Tfiil  hilcnil  <r  viTli^'nt  ••iliMit.  In  .i  I'l-u  iilnrc-  |.M-it. 
iM.l  iliiilii'pyrili'  iicciir  ili--riiiili!it(Ml   tlirmmli   llirv  /mio-i. 

N'tiir  llif  coiifui't  willi  till'  Siii'kr  iriililiiK.  vvliidi  h  !nlru-ivr  into 
till-  vnli-iiiiii'  rool-.-,  tliori'  i-  ii  i-Ikiiii:i'  in  llif  ilmriMli  r  ,<(  {\\f  iilt.iM- 
tiiiii.  I'lpiil'ite  i-  iiKiii'  iiliiiihliMit,  imkI  i'niii|iiut.  )i.Mkiliii.'  lii.riililrinli- 
,i.-.-iir,  w'lii'li  iiri'  uppiiri'iitlv  -< iiiliir.v.     Tlii-  l>p<'  nf  iillrraliioi  lin- 

.Ii.lllilll'S-'    tlll<Oll    pll Ill    lllull    IrlllpilMtliri''. 

SIndliiral  rrl'itimi^.  Iitlcmdl.  'I'lu'  wlml.-  l' iiiii.il  i'li  liii''  llie 
j|.pr;iriiiii-»'  t'{  lu'iiiir  iiiiiiii'  lip  fit'  -I'vtTiil  tluu-.  11-  icpiitiii't-  n|  -Hulit'.y 
.liffiTPiit  fvpcs  „<  n.«"U-  iiri'  nricn  ■^n  ii.  'I'lu—'  coiitii.t-  ;iri>.  linw- 
fvcr,  \ory  nli-mrr  iiinl  -i'IiImiii  tr:i"-i';ili|i'. 

Oiii'  I'lriir  piwiil'  iif  csplii-ivi'  iictioii  i-p  ri'vi'iiliil  <iii  tlii'  -.iitli<-rn 
-luTi'  nf  Allien  liond,  riciir  ilic  -innll  point  of  liiml  wliidi  -I'piinite^ 

the  liiuonii  fron:  the  nuiiii  I'ody  ..f  wiitor.      Tln'ri'  i-  lnr.'  r\p I  a 

I'liij-lilv  I'irciihir  inus=  of  roiir-i'  iiprjfioincriiti-  aliout  I'lii  \;iriU  in  ilm- 
iiietir.  uliieli  po!i«i-it*  ol  antjnlar  to  -iiliiiiifrnlar  friHiiiionl-  of  v.il- 
iMnif  roi'k;*  up  to  0  feet  in  iliaiiiotor.  imbpiltliMl  in  a  jtn'cn.  -Uity 
iiuilrix.  Surroiindiiifr  tlii-^  rork  i^  a  ti'M-  vi^ty  Inokiiiy:,  liainli'il  tuff 
uliieli  ilip-i  in  toward  tlio  ajr^'luuiernte.  T-pyoml  the  tiiio  tuff  i<  a 
imu'li  loiir-er  tuff  or  ^tratiti^■■l  iisfLrloir.eratf.  wiiicli  i-  J(x»  yard-  frniii 
fhc  ciiitral  api,'loi«oratc.  Tln'  mitor  ajr^rloinerati'  contain-!  frairnunt'" 
(f  vnliiinic  nintorial  up  to  •!  ini'lu'*  iti  iliauiotcr.  Tlioy  aro.  liowpvor. 
-iili-aiif.'-uliir  111  roiiliilp'l.  ami  -oiiic  of  tlioiu  apiH^ar  t. .  It  u  alirv  orn. 
The  cpiitral  inas-i  of  njiKlouuTatp  nio«t  proUably  rpprp-pnt-^  tlip  upil; 
or  pii>p  of  a  small  aupipnt  voli'niio;  and  tlip  iinvard  dipplnp:  tuff-,  tlip 
;i-!i-l.ptl-  wlupli  fiurroundi'd  it.  Fartlipr  from  tlip  iiepk  aro  tlie  l.pdilpd 
;  .-'.iiipratps.  It  is  po'silde  that  tliP  volonno  jii«t  pro»rud<-d  ahovp  the 
Hiitir  li'vol  and  that  the  frauiiipnt'  of  the  outer  awlon-eratp-;  were 
'inly  u;ilriw(,rn.  Tim  voloaiiip  \va-  sidi<ci|npntly  'huriod  him  arli  a 
iliirk  nin--  of  hiva  and  wa?  tliii*  protppted  from  ero?ion. 

Douhtlo«s  the  lar?p  majority  of  pruptiona  wprp  of  the  quiet  =ort. 
^^hi^■ll  rP-'uUed  in  the  pourinpr  out  of  thipk  sheets  (f  molten  ropk. 
Tlie  phannela  for  these  priiption-  were  mo-^t  prohahly  fis-ure=.  whiph 
;iip  now  rpprpsented  hy  tlw  diaha-P  dykp=  so  ahundant  throufrhout  the 
-irie-.  and  wdiieh  althoiu-h  clpn'-lv  rplated  to  the  ha-altie  flows,  cut 
tlieiii.    Thi-o  dyko-  are  ottpn  v,        'rrp'r-'ular.  varyiiis  crpatly  in  width. 


»i 
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mill   ill   -iriUc.      I  111    ir.ulin.'  "t'  lln-i'  ilvkr-  l"r  .my  inii-iilirnlilr  di^ 
tiiiiii'   i-   niiiliri'  1  .litti'  lilt   .ir   iiii|M.-.ili|f  liv   tlii'  -iili-riimiit   ilrf>  rum- 
li,,ri   ..I    ill.-  -iiii-,      1  III'    j.iiL'i-t   ilvkf  liiitnl  «.i- :;.">  Iri't  Nviiir.  nil   AIImtI 
lull. I.       Till  II'    ii'i     11.111        iilii'i'^   niii«iiiu   liniii  J   t'li't   to  .'!•   tilt    i.i 
u  iilili. 

'I'lll'     Mljl'Mlli.'     T'ii'In-     l\ic|l     1|I>     MllTl      ■  .1     ■•(lll-iilll-dlill'    ilcfiiriiiaiinii 

III  iiinii.v  I'li-i'-,  |.iirli.  :ihirl\  ill  tin'  lutf-  iH' '  lyuli'iiiiTiitr-.  ilin'rl  i'\i- 
iji  111  .  '■!'  I'lililiiii:  i-  -II  II  ill  till'  iiii'liiiiitii'ii  11. Ill  riiiiti.rtiiiii  ut'  the  liiil-. 
Ii  i-  xrry  ilitlii  nil  1.1  ili'ti  rtiiiiii'  wilii  iiii.v  ii--iiiMiiii'  tlii'  «tril<i'-  .iinl 
i|i|i-  111  ih"  lirij-  iiliil  tliii-  u.'rU  nlil  till  •.tnirliili'  line  to  I'lililillMt.  :lli'l 
I'l  r.il.'iilatc  aiTiir  ili'l.N  till'  lliii-iiiii--  III'  till-  li'riifiitiiiii.  ■i'lii-  foriiiiitii.ii 
li.i-  a  (ii'iiiTiil  iinrtlini'-t  -triki'.  'I'lic  -trikt  -  i.li-crvril  rnuftr  frmii 
N'  1.".  W  li.  \  >:.  W.  mill  avi  rani'  iiliiiiit  N  7"  \V.  'I'li;'  ilips  ->'i'ii' 
til  111'  iiiiiiiily   t.i  till'  II  'itlii'a-t  mill  iiro  i|iiitc  -tii'ii.  .'i'     to  ><0 '  HVrrau 

iliy    la.    I'll!'.       A    M'l>     t'l'U     ili|i-    VVlTC    Ilntiil    to    till'    -i  iiitlnvc-t.       It     i- 

prijliiiiili'  tliat  till-  r.i'k-  iliil  imt  lutiil  int.  i  lo-i'  fnliU.  or  im—ilily  rvou 
into  liiiTi'  ii|ii'li  nil.'-.  Iiiit  \  ii'Iili'il  tn  till'  .'  'iiniri'--!M'  turn-  \>\  -la'ar 
iii^  ami   taiiltiiiLr. 

Sliciir  /iiiii'-  ari'  vr  y  rniiiiiniii  tliroii^jlinut  tln'  wliolc  liolt  of  vol- 
cuiiii'  rock-.  Tlify  an'  nttcii  wiili-,  iiiiil  tin-  wull-  nn"  slickensidcil. 
On  iu>i'oiiiit  lit'  till'  ^iniit  iiiiifoniiity  of  flu'  ciitirf  foriiiatioii,  and  tin* 
-iiiiilurity  of  tlif  two  wall-  of  tlic  fault-,  it  i-  virtunlly  iinpossiblo  to 
di'tiTiiiim'  the  iiiiiniiiit  mid  tin."  dirci'tioii  of  di-iilai  I'lni  lit  which  iir.i- 
duccd  tlico  «licar  Zone-. 

An  accii.itc  di'tiriiilii  iiiiiii  of  tlic  thickiic--  of  the  formation  i. 
Hot  iio--ii,  c.  Till'  n.i-k-  arc  exposed  ihroiiyli  a  vertical  diiitaiicc  ol' 
ahont  i'.l'in»  fcit :  and  tlii-  iirtaiiily  doc-  not  represent  the  entirr 
tiiickne-s.  The  tliickiii--  may  safely  he  e-tiinatcd  provisionally,  a- 
.'">,(»<>('  fi'ct.  Tliroiii-'liout  the  entire  foniiation  n.i  truly  sedimentary 
rocks  arc  cxpiwcd;  and  with  the  exception  of  the  aiifrito  andc-ili' 
dyke,  which  cut-  ha-alt  on  Sherinsham  point,  the  roi'k-;  are  vi  r' 
-iniilar  in  cnniiio-ition. 

Kxltriinl. — Hilnliitii  to  villi  r  fointntioii.i. — To  the  north  of  tk. 
Metcho-iii  volcanic-,  except  in  the  extreme  eastern  part,  oeciir-  t!  • 
Leech  Kiver  formation.  In  the  ea-tcrii  part  the  rcl.itinn  of  the  v"! 
Clinics  with  tlie  crv-talline  r.icks  to  the  north  is  ohseured  hy  ti.' 
tiiii'l;  di  pii^it  of  -and  and  j-'ravd  of  the  ('olwon.l  deltn.  The  nctnn! 
contai't  with  the  T.,<'ecli  UiviT  forim'.tion  is  not  exjio-ed.  hut  frorn 
{ioldstri-ani  we-l   it  niav  he  located  within  a  few  hundred  feet.     Tk- 
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iMiiiii.'i   t'i'll.iH-    till'   »rrs    |iri.ii4iuiiiT  I    L'lM'li    IJiM  r  miIIiv,   «lii.li  v\ 
(••ii'l-  fn.m  ( inlil-triaiii  !••  lln'  Hf-t  itim-I.  iKnr  llif  iih  iilli  .il  Sntnlirlo 
riur;  iiml   u  lili'li  i-  ii>>u    m  rii|iicil.  u-   iilittnl>    ili -mlii'l    l -re   |uiL4'   J'.M. 
I.s    -iM'rnl    rivir-   ;iii>l   irit'ki.      In    lln'   l»i|-   .1    tlir   \iiri4iii-    -in-iiiii- 
...iir  till'  -ImIi-  iiinl  -.lii-t-  iif  till'  l-ic<li  liwxv  I'.iriii.iti.xi.     On  iruiiin 

-irlllhwiinl    I'hi'   rlili'li-    |||i    :l    -ti'rp    -li^lii'.   oil    wlli^'n    till'    -hltr>    urr    limrr 

c.r  li -^  ('iinliiiiioii-|\  i\|i  .-I'll,  til  iiii  'Irv  iitiiiii  lit  :>'N>  in  ,Mhi  feet  hIihm' 
ihi'  -iri'iiiii-,    'riiiii  tut-  ;{  li-»  liiiiiilri-il  I'li'i  1. Ill   IT'    -1-  il  ilrifi  i'mvitpiI 

-l..|ii'   111'   li.w    urilili'   iiml    1111   i'X|iii-iirr-.       |ti'\"liil    ;i''i'    lliilli    lii.KI    Inlui'i 
..I    lia-nit,   wliii'li    i'ii|iiil!>    i.litaiii    mi   i'li\  ;ii  i"ii   -I    I. .".'>"   l..   ■•^<r   .'.t«iii 

',  1   t     .llinVl'     -I'll-li'M'l, 

'Ilii'  lM-;ilt-  iilniif  ill!  ciililiH-l  iiri-  iiiii--iM-.  aliliiiiiuli  llii'>  liav.- 
|. It'll  -lii'Mi'i'l.  mill  llirii'  altitiiilc  i-  ilitlji'iilt  "]'  iji'ii  rinliiiiliiiii.  Tin  ". 
I'nvi  11  u'Ih'ImI  -IiIIm-  111  N  ',:•  in  '-.".'  W.  ami  a  -U'l'p  (lip  111  till' 
I,,  rlhwiiril.  Tiii-  li'iki'  i-  at  a  -liulil  aliuli  t..  lln-  >li'iUr  nf  tin- 
■  .  iilai't.   V  liii'li    ill    lln-   la-lirii    |iai't    i-    N    7"      W    aii'l    in    tlic    wc-liTii 

iji'l   M'ln    iii'ai'lv   I  a-l   ami  ur-l,     'I'lii-  -iriUi'  "t'  iIh'  r-  I'k-  nf  llii'   I Ii 

Kiv.r   t.iniiatiiiii    i-    iiini'i-   Mirial.lr.   Imt    cnfn-ii'  inl-    in    irciiiTiil    ^utll 
llial    nf   till'   -mitlii'rii    i-iiiitai't.      'I'Ih'   aiijli  -    nf  'lip-    .f    llir    fnriii.iti"ii 

.'I'l      ll-llall.V     -.Ici'p    tn     till'     llnl'lll. 

All  nf  till-  i'\iil.  nil-  uliiili  lia-  I'li'ii  i'l'l:.;ii.  .1  i;."-  In  pi-'Hn  that 
tia-  I'niiliU't  i~  II  fiiiilt.'  'I'll"  fault  i-  mtv  pi  I'-i-ti  ii' .  ami  i-  ilmililli-. 
if  i-nti-ii|rralili'   llirnw. 

'I'lnTi'    i-    lillli-   ilniilil    a-    111    tlir    I'llativi'    :ii; f    llin    lun    fni'ii  ,i- 

ij.    11-.         Till'      Ml-|i-lln-ill      Mill-allir-     ai'l'     Imt      -n     lllllill     ilif.M'lllcil.         TllnV 

li,ni-  tlic  appcariiiirr.  i-vmi  in  tlir  lirM.  nf  luiiit:'  In--  nii-tanini  pim-i'il 
iliaii  llic  i.irrli  ItiMi'  -lad  -  ami  -•lii-l-.  aii'l  i!ii-  .liffii'i'iii'i'  in  ii.i'ta- 
III  rplii-ni  aiiil  alti-ralinn  i-  -Imwii  li,\  pcti-.'iii'apliii-  -tinly  tn  Im  M'r\ 
•jl',  al.  Ill  liii'-l  i-a-  -  llin  \|i'li'li'i-lli  N'lli'aiil'-  liaxn  -illl'iT  1  'iiK 
-lirlit  ri'tiinlial.  aliil  i'nlallMl\  -liulit  inniait  im  '  aiiinrplii-in.  Tli<> 
ihiialiiin  i-  llial  pi'niliiriil  liy  lin  iilat  ini:  ^^atll•-  iMhlii'  -iirlaii'  mn 
illli  1I-.  Ill'  llin-n  nf  ninjnialn  Icnipi'iaf urn  ami  pi'i-^nrc.  Tlic  Lmi'li 
lli'.il'  fnrniatiiiii  I'a-.  nii  ija-  ntlui-  liaml.  -iitV.ml  frniii  iiitnii-i 
i':;ini,al  iiiitanini'plii-iii.  'I  Im  Mili'ln-iii  \"inanii'-  aii'.  tlii'i'i'lnrn. 
■■I  iiii;i'r  than   tlm   Lci'iji    Kivi-r   fnrniatinii. 

Hihihiiii  III  hi, mill.  I  ' (II  tiiiil iniit.  Alnni:  Irn  -. .ii i Imrn  lii.ii|iilai-v 
rim    !ia-iiih-    am    in    mnianl    with    twn    ili-'iint    fnnnatinii-.    hnth    i^i 


'  i'liis  oxplaiial  inn    u,i-  plffi'ireil   liv    Uii»-4iii.     Oi'ol.   >uiVfV  <it'  C'aiiail  i 

inp.  of  I'l-dKi-t-Ns,  isa,-::,  p.  ?:. 
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v»lii>'li  i>ro  rlcurlv  vouiibit.  <  hii-.  ilir  S.M.lxi'  miller",  i"  iutiuiivc  into 
tliB  .Mi'iciw-iii  \<>li'iiiii.-  rin<  ,.ili  r,  the  Sonkr  iiiiil  < 'itrmiiiiiili. 
Mi'enr*  ill  <tiiiill  liii»iiiH  iiloiiu  till'  wr«l  riiii'<l,  mill  ihf  liii«iil  iiiriiilir  i- 
,1   ■■niir'i-   I'uiicli'iiH  I'liti'    w'f       iiii'liiili  I   riililiii  «   nf   tlw)  bllfliliti<'   ri"'k> 

'III hull     ■■•■iilii.t     i-     cspo.*!-.!     Ill     iiiiiiiy    plin'*"'',    till'    liU4uI    '•"M 

'.K.iii  rati'  n-tlinf  iliriH'tly  on  mii  iriMli-l  «iirfiii"L'  of  tlii'  voliMiiii 
i-."l,..       A    iMiirki'l    I if.. unit  V.    tin  ril'iii-r.    -i'|iiiniti's    llic    Iwn    f..r 

IlKllioll-. 

Miiilr  iif  iii'iuiii.     Till'   Mi't.  Ii..-iii   \..li'iiiiii-*  wrif  fiiriiiril  liv  tlio 

.111  iniiul.ili I'  -nor.  — Im'  l.;i-alli.-  iLnv-.      'i'l;.'  irii|iti>'Ii*  MiTi'  (irol.- 

.iijv  I'.ir  ill.'  Liriit.r  pari  ..I'  .1  .piifl.  iiiitiin.  an. I  froin  tiniiirr..u- 
;i--uii-.  A.'inal  \riit>  ain  iliinl.l I("-'  ri'prP-t'Ht"'  in  liiiiliv  I'li-r-  ll^ 
fill-  .lial.ii-.'  .l>Ki-  ulii.-li  '-lit   till'  l.ii-alt.     'I'lmt   tlif  .•nipti.ni-   ww  in 

|iart  ixplo-iM'  i-  lHII\   -iil'-lani  iiil.-.l  !■>   ilic  11. rk  ami  purl  of  tlic  1 <■ 

. Ap.i-i'.l  I. II    All'.rt   lira.l.  Mini  l.v  'li.'  l..'.|iliil  ut-'Klmi  .  rati-  iiml   tiitT-. 

Till'  liii-c  .■!'  till'  I'l.niiiili.iii  I-  Hot  iNpowpil,  -I)  tliiil  il  i-  iiiipii--il.l.' 
fo  till  over  wliiit  Mini  of  11  'iirl'.ii'o  tlio  infiilt  Howi'.l.  'i'lif  inlii-. 
al-in.r  ..I'  -<•  liiiicnl-  >iiyK'i',.|^  tluit  tiny  wt'w  Iniilt  up  in  iliip  wut.i, 
tar    r.  nioVi-.l    t'n.ni    any    I'.iiitiiniitiil     liiii-s.       'I'lii'    rxi^ti-iioo    iit    Mi.'i 

II'.  a-  tlnii   I  \po-i-.|  nil   Alln-rt   lifii'l.  «itli  tiie  ■iiirroiii.ilinijr  uruI.' 

nniali'-.  wiiii'li  roiilaiii  I'niLiiin  111-*  that  arc  prol.aMy  w.itiTW.irii. 
iinli.'atr*    llnil    riioiinii    lii\  a    wa*   oriiptiil    to    t'orii     a    llii.'k    platform 

wliirli  ri'ai-liiil  iioarly  to  the  -iirfi f  llio  watir.  oii  ulii.-ii  wcri-  liiii'i 

rill'  .oin-*  uliiili  ai'tiially  pi'o.iictiil  alioMi  tin'  siirlai'i".  Tilt'  |)rnliiiMi' 
..'mliiioii-  i\i-tiiiK  at  ♦lie  tiiiii'  of  foriiiiit ioii  wrro  tlicrifori'  -iniil  1 
'o  lli'i-c  i'\i-tiiiu  iliiriii),'  tla  foriiiiitioii  of  tlie  kti'iiIit  part  of  ll.. 
\. it.  alii.'  ro.'k.  ot   tlio  N'aiii'om cT  irroiip. 

,|,;,'   iiml   ,,,i  I'liil  ion.     'I'll.'   onl.\    .1.  tiniti'  i!\  iil.i a"   I"   llio   .  ;. 

'if  ihi'  Miti'ln-iii  volciiiii.--  i-  llii'.t  tlioy  am  inin-li  .ililer  tluin  lii 
Souko  ami  Caniiainili  foriiialioii-,  ami  arc,  tliiTefor.'.  pt»-'r<'rlian . 
If  tilt'  S.iokc  (ialii.ro  i-  I'orrri'tly  I'orrclatril  with  tlio  npoor  .Iiira--i.' 
Itatliolitli^.  thill  the  voL-aiii.--  an'  <i>rtaiiily  oithn-  Tria-M.'  r 
.liini-^ii'  ill  ayi'.  -im-i'  thoy  an-  hanlly  ohlcr  thiiii  vol.'ani.'  r.i.'k-  •  ! 
thi'  X'linconviT  ;:roup.  'Phoy  appi-ar  to  ho  youiifror.  a"  thuy  are  niiii '1 
le-*  altii'cl  iiiul  11  (>taiiiorph..-i'.l  than  llie  grcatir  part  of  the  V.,! 
.■.uTi-r  M'l.'nnic-'.  I'lit  air  i.r.'v  i-ioimlly  placcil.  li.iv.ovtT.  in  the  V;- 
I'.iin.r  i;i'.iiip.  Tlii-^  an-  al-o  vrrv  iliti'nrcnl  in  tlnir  litholo'^i'  i 
•  hara'-ti-rs,  ami  am'thiT  -trikiiiu:'  .litlVrom'i'  i-  tli.'  al.-ii'in-i'  of  ini  v- 
v^. !,!,,.!  1;,,.,...,,.,,..   ;.,   tl,;^   \!,.i.-l,.,-ni   vol.'iun'--. 


•Ill  I  III  ii\  *  «N<  til  \ni  i«i.*Mi  ' ' 

rill'  Mili'li'i-iii  ii|iliili>'  liii-iill'  iiri'  •iiril.ir  -inifliinillN  hikI  \"U'>. 
j;i.M''''''"">  '"  """"■  "'  'li''  \i>l'iiiii''»  "f  il"'  iimiii  I'liii-l  1)1'  hrlii-h 
«  ..111  iiliiii.  Ill  Tiirriiiu  In  till'  111. rill  ni  I'.hm  II  rivir.  -itii  In  tiic  liiiMii- 
.iii.ty   li\    llif   "lilrr   iiii'l   lii-i-rilx.l   In   liiiii   li.v    Mr.   .1.    .\ii'liii    I'l.ni- 

.mil.'        Mr.     hltlliTnl  L     luH    ill  IcrillilH'il     till'    ilUr    nf    golllr    nt'     111-     wl- 

iiiiii'     rmkn    li>     llir     In-'iN    liM-lii(lf.|     III     iiilirl«c<l>lccl    ?oilili;tMii  .r^ 
.|i.|Ni>.il<,  t.i  Id'  u|'|iir    l'rlii-"li    ill   nU'  .  ini'l  ■•nii..|i|ii-.  nil  tin'  m.Ii'imim- 

t.l    ImOoIIK    to    nlli.    l;rii.l|l.        Till.     Mitil...-lli     InlMlil-     .iri'    rnr.ul.llrii     ll.     .1 
I.'1'IIOImI     llllllllirr    ultll     tl I'llllil-    1n1-1i||-    "t     llir    ina-l     Muinll     ^:||||     ..1.. 

thi:!'!'!.!!'.    iiiii-liiii'r.l    ii.    ii|i]iir    '|'ihi--l.     nr    j.iuir    .liir.i--|.-    in    i'w. 

I  |i.\  ;il'i'.  lliii'i'lnri-.  infill. Ir.l  in  llir  \';in.-..nMi'  urniip.  I  In",  .im 
1  iliii  I-  niii'  nl'  llif  vniin:;.-!   niiiiil.i  r-  nl   llii    ui-..n'i.  ..r  i;l->'  Iiiim'  i'-'  .i|ii  ■! 

■r.Mr     till'     ui'tFiM.;'     ini'';ilnnr|ilii-ni.     iiil.\      l.iiuil.v     .■..iihii'l     null 

1  ..r|llll-lll.     \'  llii'll     ll:l-     IllTii'tl'.l      llil'     ur.  .iti'l'      |...l-tinn     nl'     til.'     Nnli^nij.- 

1...  1>^  .if  till'  Villi. -..nxir  i;rnii|i. 

ii\  1  iii.l  1 1  nil     \\n   ii\  M    INI  in  -iv  i  -. 

liilrn«lM'   Inn.  lln-    l.i'i.'li    IIImt  -l.ili  -   nii'l   llii'   N'nli'nin .  i    ::r..iii'. 
iilli    till'  fxi'i'iilinii   ..r   llm    Mil.-li..-ln    \..|iMiili-,   ;ir..   Iiiiui-   nm--.-   ..i' 

.lull. nil'   rni'k-   nil. I   tlnir   ii iii|i:in\  iim   .l\Ui-.      il    i<   prnl.iil.li-   Hut 

,11  llii"  niiitonli'  rn.-k-  u>r.'  nriil'li'ii  ilnrln':  min  liviiiiiil  |i  i-i...|  .! 
'..illi.ilitliii'  intrii-i..n,  l.nt  in  ili'l.iil  iIma  nniv  !"■  .Ii\|.|i..|  int..  iKi- 
tlri'i.  iiiuiii  l,v|i<-  wliii-li  urrn  |.|'ii|iii 'I  In  II  .litiiilti'  -i  i|ii.iii-.'.  'In., 
ilir.'i'  H|ii'-  iiri'.  Ill  till'  proliiilili  m-.j  i-  .1'  llirir  i-rniiti'in  :  W.rl; 
■li..riti.  mill  iiinirl/:  ilinril..  uiii'i— i-.  I'..;.!,  .linril...  mnl  Sinmli'li  :jr..n..- 
Umi-IIi.  mill  iiiiiirtz  ili..rltr.  jic-iili---  ilm  tlii-.f  innin  Ivpi--  i'.lri''i 
.■■llir    In    liiriT''   liiillmliliil.-    iiim--i.-.    il>ki-    ..I'   lia>l.'    iiiir|ili.\  rib'-,    .mi. I 

hk.-    mill    ^iiiiill    inlrn-n.'    l.mlii'-    nl'    ii.'i'l    |i..i-i)li,M-ili'«    nr.       I  In- 

-.il.l.rn-.linritc  pnrpli.vriti-  nl'  till'  Sii'kir  -.rii'-  iiniv  \iv  n'hili.l  (■■  ''ii- 
.i^iiii   l.atliolitliii'   rni'U-.   Inil    :i-   tlnv    mi'    ri'-lrii'ti"!    in   mi. I    ni:.|  i  :  .1 

Aith   till'  Sii'kir  -rrii-.    lln-.v   liiivi'   nlr ly   l.n.n   il. -.Tiln..!    nn.l.  r  tin- 

"■i.-kiT    .-i-rir^.      'I'w.i    nt-.-uiTi'iii'i-i    .'t'    11    rnllirr    -liiiiliir    u:il.l.rn    I.mm- 

...n  ..ii-irvi'il  ill  tin.'  Iliulil.iii'l  mi. I  Miihilmi  ill-tri.'|.^.  mnl  m-i>  .'. -■ 
.rii.i'l    uii.lrr    tlii-    -.  i-tinii.       liitni-ivi'    iiiln    tlir    Mrtcli..-lii    vnliMUi.'- 

;f.-    -111. ill    -liM'k-    lit'    a    \iT,v    i-lnini'-ti'i-i-li.'    ^Ml.l.m.    ulil.''!    lia-    '•.  .-n 

•,::|..|   till.   Snnk.^  ;:iil.l.r... 

In    tiio    fnllnwiiiir    i!r-i'ripli.Mi    ilii-    .|i-ii:;.iill..n    :in.l    rnli..l...j  !.-:.I 

■karai'trr-'   •  '■    tlm   tlin  r    main    Iiiulmlitlii''    i\n.-    an-   tir-t    il..-.'ii'i'   !  : 


'>....     I.     All-'..  11     i;..:,.  i.r.      <;t-.il.    Sai\.v    CaM.ul;!,    Sn  1111...1  rv     II    ■     1' 
■117.   n.    111. 


i^L. 


"'M^yM 


on 


I^Kiil.cM.K    \|.    --I  1!\  l.\  .   '    V\  M'V 


tnll,,w('il  liv  ;i  ilcM-ripticpii  of  till'  iiitru-ivi'  in;i— o-  'A'  Mii.l  |inr|ili.s  riic- 
;iii(l  .lyki'-  of  li:i-ic  iKirplix  rite-.  Tlicii  tlu'  -tnictiiiMl  irliitii-ii-.  hhmIi- 
mI'    iiriuill.   illnl    ciiiTcliltiiill    nt'    tlli'    Ifrilniu-    rurk-    uri'    CMii-iiliTccl    ;l-    :l 

who],-.  Till-  SiM.kc  uiil)l'M.  wliicli  i-  i-i,liii,-,l  frmii  tin-  ..llicr  plut"iii^ 
1MI-U-.   i-  ilc>cri'"i!   mill  ili-i'ii--f(l   >t'!i;ir;iti'l\-. 

V\  \i;K    ;,    I'l'i     vM)  c;l MM/   lilniMir.  (.m;is>i;s. 

Iiisli'  ,il  •:•>.   -'\'\\.-    \.,irk    (linritc    nnd    <|\iiirtz    illoritc    piu'is-i- 
t..nii  vii'ti  .'•':  ii    •;.■  \y  (Imlilli.  iiltlinuyti  tlii'  i\\\i\T\?.  iliorito  friiri-- 

i-  ii:lru-i\f  iiilii  the  n\  fitc  unci--,  oflrii  lir."-riiitiii;.'  il,  iilmii;  tl  ■ 
iniit.ii-t-:  lint  llic  luii  t.v]i|.-  ciiiinut  111-  rii;i|i|ifi|  -i-iiMrati'ly  mi  tin 
Mi-i-i'iiipiinyiiit;'  -iii:ill  -'mIc  ni:ip.  ninl  ;irr.  tli.'ivlnrr.  consiilcrr  ! 
inir,.tli,r.  Till'  liiilliollih  llint  the  lu..  type-  rninpn-c  .■xlcinl-  in  -.^ 
imrthwi'st  (lirci-llioi  fi-iHii  tin-  viiiiiity  ol'  Vidnrin.  tin-  ,>;isti'Viini.i-t 
.■\i„,-uri'-    ..(■(•iirriuLr    mi    lii,-    -iinll    i-kiui!-    in    Ham    -trait    to    liPiii- 

.loi'.laii   iMca.l..u-,  a   .li-taiicc  ..f  .■HI  mile-.      It-  i;ivat.-t   width  ( iii- 

iii  the  ca-trrii   p,     '  ..r  Malah-t  di-lrict,  and   i-  ah.iul    U"  ipih-. 

I'h"    fiiici--.  -    ai-r    well      n] d    tor    iho    '^viMtri'    part,    t'onnim 

iiadnoi'k-.    v.liiili    -mni.iiiil     the    h.whind    .IrvcL.prd    hy    thr    lir. 

(dai-ial  cyi-it.'  ill  tiir  -oiithi-a-li  rn  part  of  Vanrmniv  i-land  ;  -iu'li  a 
naiiini    Wark    in    the    ilij^hh  nd   .li-tri'i.   ularc    llir   dLa-itc   i;ni'i--    i 

ivpi.-ally    i-.po-od;     an. I    Wa-k    ha<.    ihi  ivfnri  .    hron    cj ii    a-    ih. 

di-tiu'-livo  fico^^raphir  li  rin  I"  dr-iunali-  the  ;^nii--(-.  On  detail^': 
iiiapi.ini;'  the  .lii  rito  an  I  (piart/  dioritc  ;;iiri--i-  will  ".,•  -.■paral.-' 
and    the   (iiiariz   dioiitr  ^ivcii    a    d i -t ini'tivr   !ivo:^'i-aphii'   iiaiiio.      'I  i: 

I idaric-   of    ihc    haiholitii    havr    hn-u    wrll    I  ..Mt   d    in    the   ca-L 

par;,  wluirc  d.'tailcil  n  appint;-  lia-l.oai  doiu'.  and  fairly  will  local- 
in   li'    wi'-lcrii  jiart. 

l.,llioIoai''iJ     rl,„r.irhT.<.  -'-  Ihiirllr     -//o/vs,  V.  -.-  Xoriinil.   -     1  ■  ■ 
nomial  Warl^  dioritc  i;nci-  i-  a   ratla-r  dark  -ncni-h  coloured,  la.! 
.•r;,-tallinc  rock.  ..f  inc.liiiin   to  c,,ar-c  ^rain.  an.l  ..f  tiiici-Mo  tcxni'. 
■|i.c  c-cntial   mineral-  arc  aiidc-inc   fcLUpar.  an.l  i^rccn  liornhl.n.i 
Mill    the    acce-ory    mineral-,   (piart/.    nia^;nelile.    and    titaiutc.       I 
.1,  ve!.,pii:cnl    of   ih.'  i;ncl-^ic   (.'xlnrc   ha-  dc-tmycl   the  ori;;inal    : 
lure,  l.nt   it   apocar-  that    the  andc-in cnrred   in  ciih.Mlral  jiraiii- 

S ndary    inin..ral-.    -cricile.    inn-c..\  ii.\    hiolilc.    .'Idoritc.    -  v 

pent!!:.-,  -an  — nritc.  and  limonitc  arc  n\mioron-.  a-  the  alteration  n  - 
hc-n  fairly  h\v\Xi:  The  ■■nei-  i-  eoiniiioiily  .ut  hv  ,piarl/.  vcinl.  -. 
an.l    iniprei;iiate.l   with   pyrite. 


s<>i  'I  in.i:\    '.  \si  ..t  V!  ,:   i»i,\sii 


/•  nil    v't'""''    'I'li 
lis     iiitii;-iv.>    i|ii:irt/ 


•  ii..     :;iMihiil    plui-i  -   (rrcui 


■i.ill;.  iii'jir 


.1    .[n.-iri/ 


l!..|"l. 


.f    lIlO    SiKlIiirli    l>  |i|  . 


Ir    tl 


■111.  li  ■vi'U-  ;iii  |i|iH)i(li-   am 


.l!..ni 
1.1,1. 


■larv    1rlil-iiai-.    i'i-.4.:il.|\    iilMi,  .    ii.n.'    I.. en    df  \i'li)|)<'il    iii    iiililitii  ; 

til''  ■ii1nT   - iiiilary   iniricral-, 

Fiiiiic  filciis.      .\--ni.'iati'il   \>lili   tlir  lilii-  j;ralnil   nhn-.^  iioar 


uitli    iiitrn-iM'   rii'k-   ari'    laMaitpIrmli'   rii-li    t'; 


iiuiii'iiilv    hill    ura  iiiO'f.   an 


1   alni..-t   -..li 


■V   ai'i'    -I'l    111' 


iniiii-ilMii   !'•  'Ill 


I'll  111  ili'Tili'  LTiKM— .   liiil    ar>'   mil' 


•1;    l-i.-h, 


1a..l-:,!.l..|lilc 


t   ..ar 


;raiii,-.|    l'( 


iTl'   1.1-    ll---    ri'iTS  >talH/ 


■III'    111    '.viiM-ii 
tnrin-   lari;i 


l'  ■■   li'irnliLaiili-  i'a~ 
I       .rilral   rrv~tiil-    ;i' 


•miiii'ii     allcrai  lull     i,r...liii'i      \\\     iln 


r.ila-r  tiiii'  izraiiiiil   al''  i'i''l    r.li!-|iatlii''   iir'^utiiima--.      l!|iMiit<-   1- 

■  partialis  ri('r.\ -liiUi/i 
ilii  ilic  .■ihfr.>.i  ill'!'  -ii 
11  ■■ri'    iiliimiiani    in    tin- 


i!ia-i--.     ah 


•iir-     111     II 


S,T,,mli 


if.\    i|iiarl'    1-. 


I'tia" 


A  ilioritf'  wl 


iii'ii  1-  \  1 


rin  ilU    all  i.iI.mI 


itnct  of  tli.i  Si 


.W        till-    t.V|l<- 

Si.'lv 


Ur-    lit": 


lailli'li   i;raii."iiiinl(    aii'      i|ir>  SirljiT  ^iTlf>~  i'>i>   t 


riilsf  north  of  ih 


,1'   ca-t   I  11.: 


r.  Wla 


Air.       T 


HTO     1-     ill 


Ir 


v.-r,  any  l;ir^;t'  l>ody  of  it,  am!  it  ciiniK't  In'  niupped  -'■parntolv  ff' 
•111-  SHHTiirh  frranodioritf. 


fmhiUiie  phufi'^.     A  •ppnnHar  -phn:*'  of  tln'  Hii.riii-   uitli   rr.>r.v- 


-lalli/i'J    lionil<l'-iuli'^    i-    lairh'    imuiiumii.        i  !: 


il.l. 


fiia.-ii    Ir.rin-    iar^i-  cr. 


v-tal-.    >  liii'h    iiii'lmli-    'ii.    ,.!.'.i-    ,i  ii 


HTaU,   i-;p,' 


oiiilly  till'  alt'Ti'd  t'i'!il~(iar,  in-ikilitiiMllN.  Tlic  iii'ikiUlii-  luaiiMoi'iJ. 
are  .soniftiiiics  very  liir^r.  a^  in  tin-  di.irit.'  i\|  ■  -I'l  in'iir  Mill-lnai 
■■K\(\  in  till'  IliL'liliinil  lii-lrii't.  -oiilli  uf  I.i>-it  lake,  in  ■■  Ik  1,  ik.-  In  n 
k|.  Mill'-  ari'  ti  III  >  '•ill.  ill  'lianiPtiT. 


II  (iriiiiinKlilrf. — -IJari 


l.v   course  fir^'ineii    jilia- 


jltiii-t  iiiiirel.v  of  -nHTindary  linrnhk'ndo  of  I'oar^ 

tk  ■  liiiiTiki.  iiditi'  xi^iiii-~  ill   ill;'  iiiotninovpho-ii'd  quail 


■I'lir,    r.  ■Mipr'-'rii 
1'  Liraiii.   -ijiiilar   to 


/  .11. '111.-  ■jiii'i-- 


•a-l  o 


Aiic/itr  dioritv  <7)ii  I'.'i.v.-  -Kxpost'd  on  tho  hifjh  ridyre.-;  to  tbc  north 
f  Jordan  nii'a.lows  i-  n  crnoi-i-if  rook,  similnr  in  nppojiranfo  tr 


lal  <1 


.■  ni'rnial  dioriti'  i;iii>i--   a: 
in-   t";=ontial    aii^jilo   k.--id<' 


n.pnri'hily    roI.".l..i    t"    it,   whioh   lY.i; 


•iitlal    liiirnkli'ii'li'    an.)    I 


'ii-i'-   ai)'1' 


f»s7l- 


I, /it. !.,■■.-    Tw riirri  iiii>  111   ;i  Kii''l'i'"  •"■     kii'iwii.  In   Ivili  ..i-i - 

li  ■  J  ,-li..(  Iv  ii^»iicliii.  .1  with  till'  ili"riti  jiiii  i--.  « itii  «lii''li  il  lui- l^^ii 
II  .|it)»t.l.  One  iMiiiriciii'c  is  in  tlie  Iliijliland  (n>-iri<'t  t.i  the  uortb- 
i;i-t  (if  Tlioti^  hike,  itixl  tlu"  otIiiT  in  NfiilrthiU  di-li-ii-t.  f  xpospi!  ir. 
;i  cut  (,ii  till'  Ks(|uini:ih  mid  Nanninio  niilwiiv.  on  tlic  west  -lope  of 
rli(>  valley  (^t"  l''inl;i,\-'>n  ;irni  of  Smuiii-h  inlrt.  wlicri'  tlio  gahbro  i? 
iiitru>)vc  ii;  the  din'ili'  tuff-  (if  th(  Viiiieouvcr  volcunio-.  The 
ualiliro-  111"-  iiicdiuni  to  coaisc  uraiii.'d.  mid  oon-i-t  p-^-^entially  of 
lid.rndoritc  mid  anjiilc.  Tliry  :n-e  not  ij'ik  i--ic.  and  arc  only  -licrlitly 
to  moderately   idtcrod. 

Mhn'ih'oH  fiii'i  »(./('/.. (;<■/) ■'i/>(/(.  Ti.o  dioritc  piKMsfe^  arc  ii-uiilly. 
a<  iiol.'d,  inodcratcly  altered:  and  tlicy  arp  "ftc'.i  altr-red  \fiT\ 
yriMtly.  i>;i--!nK  into  -clii-torP  varietie-^  coiniio-i;!!  alnm-t  pntivfly  o' 
-o.-oiidary  niinoral-  --ucli  a-  iiraiite.  cliloiite.  (  (ddete.  and  h  ricite. 
•AJtli   nplaceicent-  ar.d  veinld-  of  (luartz  and  c^dcitc. 

ijiiiiili  •ll„i,lr  :i,f''---.  XoiiiniL  Tlic  noviial  (iiiarl/.  di..r.i. 
liiiei-  i-  a  fiitiy.  li,,l.,cr.\-la]rme  rn.k  ..f  medium  train  and  t;nei9?i  ■ 
fe.sdm-.  ll  (on-i.-i-  e--entiaily  „i  (.li;;oela-(-an(le=iiio,  <i\iai1/.  aiu'. 
:;recu  herid.leiidc.  wiili  acce<-oiy  l.dotito,  maj;!ielite.  and  ir.or.    rare!-. 

tilaiMtp.       It     lia-    htcii     lerately    altered    t-.    -.  rieitc.    ioiii.tin(- 

-ini->uritie  min.Vid-.  and  eld. .rite,  and  i^  (■..minonly  eui  hy  \.  iidp;- 
1. 1'  .piart/  and  .(lidote.  ,  ... 

■„,;.,,.        Ill     :l,,-    111.    laill'.|-|illi-ni    ■■!'    tlie    'lIMll'.    el'-rlle     ,!     Ii- 

dli/e.l.    ;iii.!    tlie    -alie    and    fenii.-    min.ral-    'lave    h>(:. 

.1     ^eijaraie     .'oih -.    fp.in    a    I'raeii.ii,    ..l'    ;in    ineli    ep    ■ 
-everal  iVot  in  width,  m.  :liat  tlie  ^-neis?  ha^  usually  a  eliaractcri?ti. 
I  a.nded    apiH-araneo.      Tlie    -alio    f.ieio^    are    lijjii*    eoleured.    medi'in. 
::rained.  and  ?nei-ie   t-  -ejii-te-e   in   tcMmc.   an.l  e,,„-i-t   e-^oiitiai; 
I'i    :Vld>iiflr  and  (iiiart/. 

.l/;,,7...s(  (//'(■'.  Tile  feld-par  i-  ail  ;(eid  iilii;;ioe!a.-e.  iirobai  I} 
.ili,iie-oli}i(ie]a-e.  and  i-  n-ualiy  in  larger  :;nioiint-  tliaii  tlie  quart  , 
l|..iiiMeiide  '  leec— ,.ry.  l.iil  i;-ually  iii-(-(  ni  in  -niull  aiiiount-;.  ai>. 
la-  ^dtereii  ..-teu^i\el>  I"  eld. .rite  and  e|ud(.te.  The  t'eld-i.ar  a- 
nd.-  i-  mote  altered  llam  in  il"'  nunijul  (|t',an/.-di(.rile  i;-n<i>-,  alic- 
iiiu  ehielly  t..  -eci.-it..  ,dllie.i;;li  it  -oir.etinie-  .  ceiir-  withiiuart/  r 
e,u-hel.   int'.rl..ekiii.-.  clear  -rain-.      Hietii      i-   :i  l•eh;li^■ely   rare   -■ 

,,.,,[.,,,,        ,,,;,!     IMi.         r.:l-]\,-      r-uA      .pi. .It.'      e.■:l.lll.■ll!^■      -.-.Ml'      ill      \i-:lli'-. 


■  I -el 
-nitrei; 


Ill  rHKHs  v^^l(ll\lJ^  island 


5»8 


is 
-4 


•  iijil    ii.M'itf   M'roiir-   .1-    'ii--!  inliiiiti  •!    grain-,   ;ui'l     ii.i-    uiiiiill>    i'^tii 

>■  illlc'willlt    illtlMil    to    Hllli.Illtl'. 

I'riiiir    fdiirx    I  hdnilil-  i,(lilr  I.   -  X<.,,r\:it,  <\    \\\th    tllC    Sillie    faciei 

:irp  tlif  i'(iiii|iI<'Uiriit:ir\  fon  ii-  t'iiiif=.  They  an'  iliirU  groen,  fine  to 
.•.liir-i-  jjraiiii'il.  tlir  Iiirj;ir  /niie-  lirinp  virtually  always  coai*f> 
uriiiiicil.  mill  f'liisi^t  t>"intiully  of  liornblt-nfln.  witti  :ici'o-?or,v  niagme- 
rito.  rii(>  honilileiule  i'-  ii-nnlly  (if  twn  jn  iifrnfioii-.  a  primary  horn- 
liloiidi'  ami  a  lit;lir  i-i'lmiri'il.  ^.itncwliat  foliatrd  .,r  lilirmi-.  ^pfondary 
hiiriiMcinlc. 

.\  liniih  iisiti  I'liu.-ry.  ('utliiiL.'  llu-  ilinriti:  gut  i.--  irr  apuphyse-. 
uiiirli  ;..-i-  iliriiilitlcs.,  ri'hiliii  1.1  ihc  i|iarl/  dinrit  t:iiii--.  Tli<\  an- 
liirlii  c-iiliiurciJ.  >oiiii  tiiiir-i  uliitc,  liui  yiained.  pi!ei!'si<!  rockp,  co'.i- 
-i«liiiK  i-.-(iitiall\  of  (|iiiirtz  ami  fidd-par.  Tiic  fcUhimr,  which  pre- 
li.iiiiiiati -,  i-  i-iiietlv  |ila>;ioria-i',  pi-'ihalilv  alliite-olipoclase,  with 
-..lie  iiiirr.i]Mriliiri'.  'I'lip  aci'i'<-nry  iriiuc-raN  are  honiblende,  inagnfi- 
'\[f.  aiiij  tilariitc,  'III.-  alteialioii  Im-  u-ually  liopii  lar^e,  forniine 
-t-rii-iti'.  I'liliirito.  ami  (  I'iilntc.  P\i-iri"  1-  n.^rly  always  pre^pnt,  ami 
■.■.callioriiic  t"  liiiii.iiiii-.  li.-i-  -taiiii-ii  iIji'  i-xpii-ed  siirfan^  !iro»n. 
Tlii'-c  lirinvii  -laim-d  ^M'i.pli\  =.■■-  ]r.]\,-  liorii  iiii<faki-ii  for  ipiart/  vciris. 
■iiid.  in  till-  \iidiiily  ,.f  \' iiii.ria.  Il\<^  liccii   t'r.  i|in-ntly  propppftpd. 


1:1    M.I      I'll  >!.'!  I  I.. 

l>i.<ifiiiu!loii.  '-{'\n-r\y  a-~i'iiatid  with  ilie  pjaiuiJiorite.  of  the 
~-.(aiiii-!i  typi'.  V.  iii.li  i-  iinrii-!\c  iiitu  the  Xiriitar  fortiiaiion,  ari- 
'i,ari;iiial  facics  (.f  dioriti-.  Althoiiiri;  doiihtlp--  rc-tricte<l  to  thp 
;iiar;;iii  or  )H'riiiliir>  nl  il.c  i:i;i)iudiiiritf  hatholith.  ilip  dioritu  oi'ciii  - 
iu  larjje  iiiUDsc'?.  uiiich  can.  for  tlip  ;^r(at(i'  ]t,'A-K  ]■<  iiiaijipd  -^rpar- 
iitely.  as  the  lioii)idarip~  where  loiat<d  aw  vi-r.v  deiiiiite.  the  frrano- 
dinrite  being  intrui^iNe  into  the  dicriti'.  Tiic  diorit'-  i-  tvpically 
developed   at   ('ai^e   Hrale.   and   i-   vi-ry    will   1  xtm-rd   al'  nn    tli^     -lion' 

11  that  vicinity,  ?ir  liiat  Beale  i-  r.-p.l  a-  :!  di^tiiM-tivi-  pi-ofrraphii' 
'crin  for  the  diorite.  I  in-  dioriti-  i^  also  well  developed  aiul  (xpn.-eii 
\'\  till'  \ii'iiiity  1.1'  (inrdi.n  fixcf.  Inriiiiii^.'  tin'  l,ij!i<-(  iiir.;,ntaii!  in 
Ui-ufrp'A-  district.  Md'.iut  E'linburfrli.  v. hicdi  i«  ahout  :i.7'ii^  iV-it  hitli. 
Diiirite  similar  to  the  Bealc  dioriti-  HiHiuiii!    -  o.-i-ar^  near  ihc 

"iilai-t-   "f  tile   Saaiiiili   li  auodii  rite   '.vith   liic   X'ani-mn '^r  voh-alii'-^ 
.iiid    SiittiiU    iiiiip-t'-i;e- :     liut    i-    ':••!     i:i    -^iitiiciejit    .'inioiint    t"    mrp 
-I  I'arati-ly. 
■<'■:]     7'. 


VAJ 


1,1  4.1  iH.I'    u     ~;  i!\  >  >  .  (    \N  M' 


I.?  hoi  III  I  kill     hiirivlci-^.   -(,>iiiiil:    'rariinj    •iii)rili:.—'\'\i,'    ui.rma! 
l{,  ill.'  .iM.riir  i-   ,1   iri.<iiiMii   I..   i':;lii   .■..!■  nr.'.l   i,-!.  .iy-tMllini     i'...!..  > 
fiiii-  til  iiiiiliuiii  yrniii. 

,1/,.  .',.«  1(^1". 1  I     i.iu-i-i-    I— rlltUiil.v     v<    MUill-illi-    I'ol.i-l'HI',    ulii.Mi 

All.  »!•>,   All.    1(1.  :m.i1   I iH-n   -rorii  li<pnil.l(Mul.-.     (jiuirt/   i-   i>.x-.ni 

;uid  i=  -nnictini<<  an  o.-rntial  I'r.n^titucnr.     The  uppossovv   niim.-iM' 
iiii.-hi.k-  l.ii.litf.   iiMyiu^i'!-.      vl     .   ;,|.iiiii.-.   iiiul   titimit.'.     Tlif   t.. 
nii-f  i-  Mil'hHlrni.  with  ,  ii!:iHlr;i!  n-'i-im-  !iti<!  !ioniiil.'ii«l.'.  ami  iiit.  : 
jlitinl     i|il:irt/..        I'll.-     hi.nililrlKk-    al     liliie-     iui-!u'i>^     lii.-    nud.-i  •.• 
poikiliti-'nlly.      '\'\^o   m-    tliiw   liitTf.-eiit    liiji-iil.liiule    imlividuals   av. 
■■i.uu'tin  c-    |Hiikilituan.\    iiileiirri  .vn :    ami    it    ir-.iii-   a-    if   tho   iilm 

flirisin    nf    the   liiiniMfiiil.-   wi-r.     luon"   ur   l.-<i-.   < iix-ii-.iti'.l    lu    : 

irrn«nlar  ilitri-uTi.wtli.  -n   that    iiiaiiy   iii.nil.lili.ii'  ;;r.iiii-   i.i-''ur  uli.' 
Iiavo   luarlv   .■..l,,ufl.--   iMiitn-    :i:i.l   -tnniiily   ..l.-orliroi'-   vim-.     T!'- 
l.honoiii.ui'n    may   l>r    ilnr    in    i  :Ht    t-    all.;falii.ii.    l.ui    lui   otU.T   . 
iloii'V   III'  altrratii.ii    aiv  aUv:.y.    ;iri-.i;r.      'I'lii'   ilim-ili-   i-  .-liir!itl>    ■■ 

riirKJeratriy   alt.tvil.   thv  ~. i^il.n-.    .nimral-   U-iu-    iiralil.-  or  ai'lin 

VxW.  liiotitf,  i-lilnrito.  epiiloi''.  ami  -iiioity. 

I)ioriti:—Fiun<-   -in.ilai-   to   tin-   noviiiHl    lieuie  ilioritv   ii«-''ii; 
which    iiiiartz    i-^     virtually    ah.-'iit.   anl   wlii.'h    arc,   thcr.l"ori',   .r  ■ 
iiioriti-.     Thc^y   liiorit'--.   whirli    -oiiU'Uiucs   have   a  por)'     vitu-   •• 
denyy,  aiu  richoi-  in  hoiuhl.'ial-  than  ihf  .jiiart/  hoariiig  ..  oni.  -. 

(.'■,nlttc<    //TCiV.s.— /V,;n>.— Near    the    contacts    with     thr     N'llMi;!- 

fomation  what  appear  to  hv  hybrid  tyr-es  occur.  Near  i!i.>  I'Uir 
marbles  femio  facie,  invarinblr  occur,  yyhiio  -alic  fncio?-  «omctini.-' 
occur  in  coutact  with  the  aniphibolite-  m'  t'l.^  N'itinat  fonn.in.M 
The  fcniic  faciei  arc  similar  to  the  iliorit.-.  mily  tliuT  j,Taiiii  1  i"  ■! 
moro  ba^ic,  containing  uiorc  bornbh  u.lc  anil  inorr  ba-Ic  l.'lil-i  u- 
which  occur  in  lath-=bapcil  crystal.  They  are  al-o  in,,ro  4ic:iro,l 
and  nltercd.  but  the  uli.-niti..n  i.r'.bn't-  arr  -i.nihir. 

Salic  fades.-  Tha  "^alic  la.'i.  -  aiv  liiil.lci-  .•..iouvij,  icuoU  'imr 
-Tainea  roekt*  than  the  normal  .inait/.  licariiiLi  r.calc  ilioi-iti-  ;in.! 
consist  chiefly  A  andesiuc  fcMspar,  with  hornhlen.lo.  biotilc,  ami  ■' 
colourless  pyroxene,  probably  diopsidc.  The  texture  of  the  anmu: 
mas-i  is  irregular,  although  sometime^;  cuhodrnl  feldspars  opoiir. 
about  1  ii:ui.  in  Icnffth.  while  tho  avci-aac  grain  i^  about  0-1  wm. 


SOITIIEHN     V^M^olWH    ISLAND 


10! 


Sfi/r'ija'io 


iii'Shls'in'^. 


TIm    V.i-.Av  ,1 


Kiriti  .   ii-    w 


■n   ..-   the 


■  .liillirti      ;;rimi"li'irit.-.      t'r<"-iliiinil\ .      i-;m 
..iiiiiin-    iiuiiivriiu-    ivmiiili'il    tn    -ul.  ijii; 


:ill\       lirar      It-      '•fiii'iji't'-, 
;,!■     ■..■i:ri-;;;(tinll-     .if     iliclll- 
•  I     r.  lafivi'ly    -njll    -i/.-,    vnr'  Iv    iii-ff    lii.Ln    .1    tVw    ihi'iii  -     iti 


.liamviiT.     'i'ln?  Turpt^iition-  nr  iin-li 


t!ip  R.  :il.    dinritp  cl..-o]v 


soiiiblf  '111'  ilioritf  niiiii'riilr.i.'iiiill> .  imd  arc  i»>it  i'lit--'itl<'<l  a-  -^i  uit- 


ti  '11-.     'I')i4  y  iirc  (liirkri'  i-cil.ii 


•  ll-i-It. 


-c.itiit  uiii  -   with   a    lari;'T   pir< 


ri.l  am]  mmu'Ii  liner  yraiiiod  thnn  tl.f 
■iitaiic   •il    fciiiic   ipiiiiTill-,   aliil 


lie  alli'i'i'i 


I.      Tlir    Icld-jiar  I'Oiimiolily   •■f.-iir-   in   liitlv>li; 


!l!i  .lni'r-o  ai'rani.'1-iii.iit.  ami   witli   intfr-iTi  :il   lio-.-i 


I"" 

iM.'lldr-. 


1,-rrii. 


d    aliDVi',    ihi-    r.rair    d 


.  I,iii\iuiih'i'ni.      li.-i.li-   till'  ...rdinary    altt-i-iitii'ii 

dl>.  .-iifiidly   I,,  ar 


uriU-    lia-   in.-1-a-iuii 


the  i',.iita 
iiitiiiMJi/i  I 


•t  dt'pd-lt-  ol'  uiannititr  ..)■  tl(c  Nitiiiiit  t'nriiiali..ii  and  i'»  iraiiJ 


I-.    1. 


I'll      -1'      LTl 


,llv    rlicarrd    and    -lii 


^l•.l-l■|l■ll 


.1,-   ti.  n-.Miil>K' 


Iv   a    cdiloril'-  -I'lii-i.   lull    i' 


\i    ■M'luina 


lly  u 


raiuti.'  tpxl';rp 


i-    -I'cll    ll     tllf!    ri'r\     \ 


\  i-  l.i'..k. 


lilt  aiiuli  -  I"  til"  -luiir  pianos  an- 


d   ..I-   1...II 


ih'    •  \aiiiili:ii  1  '11     l.ii' 


iri'  -I't'li  ti 


■  lUr  v.i!!i  -i-rt'-il 


lliri-,1     r..    iii-aiii<'.    all 


ii    .      (  Ml'.v 


Tllf  !  .'inidt^ndf 

.lid:.  r>     mill'  I'al-    ar» 


rld'U-ilC.    <-'lpill.-.Il 


lit.'-,    a  1  i '  f 


\.;>i!i't- 


.  |:iarry. 


rind 


ir,>    IVl'l-jiar  ..i.T\ir. 


<.\\Mi  H  •  H  W'.iiiiini  I      \M)  '^1  Mil/  iii.iiirri:. 


!'lu>   pliiliiiiii'   I'll'!;-    'I'   il'a-   Siaiiii'ii   type   raiif^r   from   a   i-'ranit<' 
,i,ai-i/  di.'iiii  .     'I'l  '1  iM»    i--  11  :\n-it ioiial  hrtwi^n  a  ^.Tano- 


■nlc  ami  a  r.iiart/.  ■hi'liu-.  ami  .'a 


nil    I   U.    d.  tliutrlv  i'hl--it' 


d  with- 


it  a  ill,  iiii.'al  .lualv^i-.  I'.it   will  1"    rcri-rn-ii  t"  ..T'liiiarilv  a-  a  irraii.J- 


Ih^hihiiUdi,.      Till'  Saimi.'li  j^rauo.linril. .  niiirii  i-  tho  pruaiip 


ll 


ili..lit!iii'  rork   ..r  -null 


urn    \  am-Miivi-r  1 


-land,  i.-^  uidel>-  di-trilmted, 


liiit    ill"  l.'iru.T   iiatladith-,   ,iii'   .•i.ntin.'d    tn   \w.   main    Lut    v.  ry   hrr.ad 


-.aula  I'll    ail.)    vtlu  111. 


I'll    i.<'i 


|i<'iilii 
..I.-. '111-.  '.M  >l\^  ar. 


-ula.    whrr. 


11'   -..iilliern   axi-   .'.Miiid-;   fron 
it'    x\\r    l.irij-cr    individtial    Imtholitln 


1  t.i  till'  Hoiifi'i"..  di-lrl.'i. 


w  lu n-  airain  I'l-ia 


ilitl,- 


ii'f    i'\|.. 


.iiiitU.--    .'..Ill  niiii;    irv 


ii\pl,v  larirt 
'gularly. 


.  itli.iiil inlet.-     inti  rnil'ti.-ii.     I. 


irMi'.'>     ^..'im 


■a  !iii.-ii     an. 


■iii".-\,      .11 


.tri.l-     -ma'l     'jr: 


nctwei  n 


it.     -tocK-    o<"i.".ir 


IOj 


CKIKHIICAI     ini\i.\ 


<.S*I>* 


iiitrii-;\.>  ■|lll^  ilir  Wiirk  .li'Til--  .ipI  ■iiiiiri/  ili..'Mi..-  Hiii'i.--i'-<,  uml 
Vancouver  vi'lcaiiios  miil  Sutton  liuic-toiuM,  and  small  stocks  occur 
in  Vict<iriii  nn<l  I'-quiituilt  (li>tri<  t-.  Two  aren^  of  (jranndiorite  ari' 
rcportoii  iii  the  belt  of  tlu'  Loccli  Kivcr  fonnatiou  in  Renfrew,  and 
the  ■•••*t<Tn  i)iirt  of  N[:ilaliat  districts.  The  nnrtlioni  axis  pxteiids 
fro'i  Snlt-prinii'  i-laiid.  altlidimli  a  small  >toiU  oecui  on  MoresV.iy 
island.  noriiiv"'-t  to  .Mlnrni  cuiid.  In  tin'  S.inu'uo-,  S<'.\riionr,  and 
laT'iiT  jiart  -f  ('lii-uiaiiiM-  di-ii-ji't-.  ilnTf  i-.  iiouc  er,  w  gran"- 
di>irit«-  i-xpcisi'd.  I'll  till'  Mi-i  i.f  (  lieiii^dm!-  ili-fi<t,  irrrtruiiir  batho- 
lith-.   pvobal'l.v  uii.r.'  m-  Ic—  cunl  iiuloiw.  oci'ur. 

i  iio  Saanlfh  ui-.inodiorili'  i-  fairl.v  u.'ll  oxpo-i'd.  t-peciall.v  weW 
alonu  till'  -.liiTc.  and  iTi'rl;  and  river  licd-.  and  on  tlic  niona>lnoi'ks 
whii'li  suriiiiiuMi,  111. til  iln-  pri-(  lla-'ial  and  T'Vliary  cro-iion  -urfaw>. 
Th>'  uortlu'ra  and  ca-dTu  pari  if  tlu'  Saani.-li  pt>nitHula  Uatliulitli 
ii,  iiowevt-r,  altnoit  cntiri'Iy  covori'd  uith  drift.  The  cnntai-t-t  of  tlir 
Saanii'L  peninsula,  i'".sipi;iiiall  and  \'ietorla.  and  Sall-iprinj;  i-!an'l 
stook'  and  liatlKilitlis  have  heen  well  hu-aled.  loil  the  contuct*  of  the 
otbor  .-tucks  !uiil  hathnlith-i  lia\i  lieen  ileleniiiiiiNl  (udy  li.v  Irasei--. 
and  a-^  fiie  I'ontaot-  arc  irrc^idar.  'lie  widclv  -cparatcd,  dcfcrn'iii'  ■! 
contai  t-  cannot  he  intended  t"  .ioin  laih  other  with  an.v  pri  ai 
as-Jurit.v ;  and  little  ;ittcui[)i  ha-  heen  made  t..  de  -o  on  the  aeeein 
panviuu;  map. 

l.iHiiilo'lirii!  (■/ .i;  11' /i/.-.  (iitiiiinliiii  il  I  mill  iiH'ir^'.  iHiiiii'. 
y[,ui  ii<r,tfi^  'I'll,,  .'^aanieh  ^iraundierile-  and  qnari/.  diuril.-  .:\- 
liarht  i-oleured.  nicdiuni  jiraiiied  roej;^.  with  a  idtaractcri^tic  uranilie, 
and  irt'picntl.v  -onicwhat  ■4nei--ii'  texture,  which  ia  rarel.v  pro- 
nouiii'i'd.  'i'lie  weathered  ^ur'aee  i;  a-<  a  rule  much  iijchter  eolnurcd 
than  the  frchl.v  IrokiMi  -^uvfaee.  Thc.v  coii^i-Jt  of  fe1a~par  au'l 
tpiarf/.  Aith  c-'(.'ntial  hornble:,de,  and  uith  a<re=-<or.\'  biutit*-  and 
mapri'.ctitc.  I'.vrite  i-  al-n  e,urmi>u  ami  i-  prohuhl.v  onKiual.  The 
feldspar  at  time-  weathers  Imth  pink  and  greenish  white,  the  jatte;' 
occurriuij  in  ciiliedral  cr.vstajs.  The  hornblendr-  sometime-*  occur-. 
cspeciall.v  near  contact-*,  in  lar^e  euhcdral  cr.vstaU.  which  give  tlie 
rock  a  cliaraetcri-tic  povphvritie  or  •  spe<-kled '  apix-araiice.'  The 
granodioritc  u-nally  contain-  nnn'.ci'o't-'  small,  rounded  =e^rcgation- 
or  inclusions  of  a  darker  colour. 

.V,'cro.«to(Hv.--TiK-  e.sseutiii!   mineral-  an-  plauiecla-c,  crthot-lase. 
frequently  niicroperthite.  and    rarly   niicroclijie.  quart/,   and   horn- 

-Jaaire  r{ichn.-ii.--.-..    K. -;-■'..  ■  '"  i'ri>-ii*->s,  IS;}".    0*ol.  Survey,  Or.^'jd*. 
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bloi"J'';  tilt'  u"'i  >•— 'jr.v  ii.iiuTKl-  uri-  likitit"-,  iu»  "ite,  pyriic,  and 
titanltc;  uiiil  the  -i  toudary  mineral'  iin-  bioi.  .  otilorite,  epidote, 
st-ri'itr,  mii-iiivit<-,  llinoiiite.  ami  liaoliii.  Thi-  |>lii|!:ioelu.^>'  is  thi- 
rhioi  I'elil-par,  and  <.i'<Mir-i  in  pulu'dral  graiiK.  It  ir  ohicfly  oliijo- 
<'U-*e-nii'Ie-<im',  but  vario'i  in  composition  and  i.-»  often  zonal,  ranir- 
.iiLT  I'n'iii  .\1>.  ."i.'i,  All.  I."),  to  All.  !ti>.  An.  H>.  Tlii!  i|iiart/.  "itliocUi-'-. 
iiiiiT'ipfrtliito,  and  wiiort'  pTi'«cnt  ini<'ro<'lin»',  are  intfr-stitinl  to  tlif 
plauioclu'it'  and  hornldiMide.  Tin"  i|n;irt/^  and  pota->li  feldspars  arc 
joinotiiiie-  (jrapliifMlly  internrouii ;  an<i  qiir.rt?:  more  rarrdy  occurs 
in  laryr  ttrainM  wliicli  inehidi'  tin-  plnpioc-laso  crystals.  The  quartz 
hn~  H  w;ivy  extinction,  and  many  of  tlio  quarts  frriiiii'*  are  greatly 
fr.ii'tiiro'l.  Tilt'  nilcrop»'rtl)ite  wlitii  prc-^cnt  is  a  very  in-c>;ular  inter- 
_'r.)wth.  probably  of  orthoo]a-e  mid  albite.  It  rarely  occurs  in  larpc 
iirain::  which  im-liidi'  the  earlier  ery.-talli/(!<l  niiiirral-.  In  -onir> 
I  icii-  potash  leld-ip;ir  Is  in  \ery  -mall  amount,  or  alc-eiil.  1  !»'  Iioru- 
bletde  wa«  of  the  common  variety,  but  i-  now  liirKely  alterrd.  The 
[vr'-'-nttiui'  nmoutit  of  the  e--ential  luineraK  i-  .iiniroxlnuifi'ly  a? 
f.lb.u-.:-  . 

( 'ligoclafe-undesiui It)  to  5'i  p<'r  cent. 

(Quartz 1*0  "  Sr.       •• 

I'ota^h    iVM>i>ar 0  '•  1."       •• 

Hornblende 10  "  L'O      '• 

ft  ii  seen  I'ruu:  Uu'  above  de-eription  that  ih.'  rock  ranges  from 
a  tvpical  ^raiiodiiirite  to  a  ralhir  lypiea.1  quartz  diorii  •.  Ii  i-  prob- 
able, however,  that  (>ven  v.liere  tlie  pota^^h  feldspar  fails,  that  potash 
r"places  soda  in  the  plaf;iocla«e  nioleeule  isoniorphously.  'Iho  rock 
i-,  therefore,  be.-t  clashed  a-  i.  sranodiorite. 

AU-.ratioii. — I'he  t'ranoilL'iritc  i-  u-auUy  aluipi*!  and  in 
the  sheared  varieties  the  alteration  i.s  larj,'.'.  The  fel(Ui».ir  ha- 
uJtered  to  ierieit<».  and  epidote  is  snm«>timcis  an  alteration  pro- 
duct of  the  plajjioclase  1'eld.<par-.  The  hornblende  i.-  largel.v  altered 
to  brown  biotite,  chlorite.  ;uid  an  iron  rieh  epidfitc.  This  alteration 
i?  very  charaet<>ristio,  not  onl.v  of  the  ^-raiiodiorite-  of  Van^'ouver 
i'latid.  but  of  the  Paeitie  Coa-t   region. 

Griinite. — True  granite  huie-  arc  of  vi'vy  rare  occurrence  in  the 
batholith?  of  Saanich  ','ranodiorite,  and  as  far  as  known  are  res- 
tricted to  batholiths  intrusive  into  tin-  Nitinat  formation.     They  are 
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vtTj'  ^illlilo^  tn  rtie  n"rrral  prrnnririiriritc  in  iippcariiuoi',  buf  are  ^omi- 
what  liphffT  i-'>lniirf(l,  iiinl  \u;it'i(r  I'l  :i  mon-  rf-fldifh  colour.  'The 
feiiiii-  iiilniT.il-  ;irt'  in  ^rjiiiJli  r    nii'iMit.  ;ni'l  iiintitf  prodoiniiiHtcs. 

UUroicupic, — Miv.'r>jbi'upi(.-all>',    tbtt   !('<•■>>(<'    i*    •*<'^'>    to   (vnaisT 

i'--«iitiully  of'  iiiiiTDixtrthitc.  iilbitt-oliKni'laPe.  ;iiiil  <|iii\rtz,  with  to.-.-- 
>ior,v  biotitu,  aiul  pi'obubl.N  hornblt'tidi',  now  all'ri'd  to  biotitf  ;iii(l 
I'pidot^.  Thf!  albite-oliKni-'lu^o  oi'imrs  in  f  uheiirnl  "Tystals,  while  th> 
iiiiiToptTthitc  iiiiii  iiuurtz  fortii  u  iiiiiToifrapliic  interKrowth.  Tbi- 
ipl<i'-''ai  '-  7  1  iHrtrf'lv  iilkiiliiir  lliaf  t!n-i'  lucici  an'  b»>«r  i'la»?»d  w  'i 
••al<-i-iilkuliiii'  uranitr. 

A ^nntli jisiil  iif(ti>i\-.  \y>uph\>u\  iiliii-es  of  t!ir  Snaiii'  li  (iiu'i.  • 
■  li<rite  art'  wry  .-iiiiihir  in  ininiTiil  •  .  tnpo^ition  to  the  (.Tanitf  ]'■-- 
•  ribed  abovo;  tbcy  aiv  liner  srai'i'''.  ai"l  aplitii'  in  texture.  Ij. 
■■ertuin  rt'latcd  type-,  m-eurrinfi  ntsir  tlie  contai't*.  fei.l^pn  is  ii 
irreat  »'XCe''>i  >'Ver  ilie  ntber  <'fiii-iiti'oiit-.  ejiictly  (piurtz. 

S,ijrc;i'ttioiis  'ir  iiif  liixioiix.  rhruii,:ii"ul  tin/  Kr.'iiio.iiurit  •,  Imt 
luon-  abundantly  near  ibe  eimtaet-.  hit  nunieiMO,  -li^all,  r  >uti<i.  ;. 
durki-r  eoloiirrd  j-c^reitation-  ^r  inelu>iijn-.  Tin'  e,,ntai't  lietnti-r. 
them  and  tli<  urn:. «iilii, rite  i^  -burp,  although  er\>tal-  ot  idi'  "Ut- 
I)onftrute  ii>to  the  ■■llier.  A^  llie  mineral  eon'po-ition  i-  also  ni.iie'l 
to  the  u-raiiodiorite.  until  tbcy  ean  be  priived  ■Iriinitely  tn  be  ineju 
hions  they  bad  l»>t  be  ee>L-idered  n»  -ei:ri  ^'ation-.  The  -i  uroiyfatl..  .- 
are  tine  ernineii.  witli  a  t'ew  -mall  plieriMery.t<-  .i|  febl.-prir  and  li'.rri- 
blende. 

^[il  i<is(  oi'it. —  riif  e^-untial  niinfrul-  are  ande^in' -oliiiOL-la- . 
Ab.  Oti.  a.  4'),  to  Ab.  V*.  An.  :.'0,  hornbU-nde,  biolite.  and  ^..mietiuie' 
>iuartz.  Magnetite  i-  souietiines  present  iu  larj;e  aununt-.  and  otber 
aeeessory  minerals  are  titanite  and  apatite.  The  KrotiiHlnni>.r.  of  'lif 
-etfre^utions  has  a  raUnT  eliaracteriitic  texture,  as  ii  is  cMii'iio'-ti 
of  lath-shape<i  feldspars  with  pri=niatie  hornblendes,  with  p.ikilitie 
biotite  anil  interstitial  ((uartz.  The  amount  of  the  various  niinc-rai? 
varies  greatly,  but'hornblende  and  feldspar  predominate.  Tlif  altera- 
tion proiluets  are  similar  te  those  of  the  srnn.idiurite.  eliiitly  .-blori" 
epidotp.  ami  sericite. 

Cotitnif  and  hulilil  jihan'>'.~-'St:w  fbe  eontaets.  espeeially   ii.:.r 
liine>-*one   eoilf.iet-,   the   yranndiorile   liiM.i.mo.i   nmre  hasie   .nnd    Via--' - 


^!^^ 


Vll    rilMIN      N  ■      1  ill    \  Ml     IVH.SD 


I  "I". 


iiitc  t>7X"  in  which  unart/  i=  iiK- tir  ..r  oii)y  ;m  iif.'--«(.ry.  .,n.l  win'li 
Ti'  flii'ri'fori'  (li'Titc-.  ( ►ifli'i'-la-f  <ir  tniiTojv  rf)iiti>  i-  ri  fnificd  in 
ilii-i  (iiorifc.  ami  (»i\ir-  iiitir-titiiil  to  i'iil-.>rlriil  olito'Li-i-iUHli-ini  . 
r.iirlr  iiH'iiKliiiu:  tlii'iii  poikilit  ii'iilly  :  -o  ihut  the  n.iitai'f  ilioriti^-  .iro 
(I  fiii/oniti<'  in  "•'■nipo'-itifrn  :in!  t>  vtnrf. 

Whi'ii  ill  iniiiic'liiiii'  i-niitact  with  (Hire  miirlil«"i  nr  ■■•.iitiicf  iii<i:i 

rpli"Mil  Iitin-t"iic»  till'  iiion/niiiti.-  iljdritp,  mnl  iip>rc  niny-   trrnun 

.liiifih-,  iiUiiriiil'ly  I'nMniii  p\r"\ini.  -oinrtiiiir-  .'niL'it' ,  ImU  ii'ii,ill\ 
•  liiillutTi'  I'r  iliii)»iilc.  (  alcifr  I-  a  foiriiiuii  kci'inidarv  iniiiirn!  in 
till".'  i-oiitii.-t  j>lia-«'-.  It  -ccni-  a-  if  tin-  px  r..Xi  ii.>  tia.l  h«-.'ii  f.irii!' 'I 
i.v  fhf  i'>'iT,v.tal!i/.!iti"ii  •<>  inatirini  ■i.pi,.-<I  1;>  tl:i'  ii--iiiiil:itii>)i  ..f 
'hi'  liMii-tMii.-,   ami    if  -11   ilii-i-   facii-   ^ir.-   liyl.ri.l   \-..rL-. 

','»"/'■.  iiiililiro.  -Iiiirii-ivi'  into  ilif  llme-ildiie-.  mar  llit>  contact 
.|(ii..«.il-  I, I'  tlif  Kim;  SmIiiiuciii  alal  itlui'  Mcll  iiiiii.  iMJ  rlailii-  "h 
K'lixa-ilali  I'iil^ii-  in  Ijihu'ki'lr  lii-triit.  atui  a|F|.ar'  lill>  a--'H'ijt((l 
»iUi   ill'-  Saanii-h   (?ianciili'irit<\    i^   a   quarl,:   liiibbro.      Ii    i-   a    rattn  r 

.!;rk  colLiiritl,  n-i'iliiiiii  uraincl  i !;,  i'.pij-i~tiiiK  iif  latli  -li.ipi d  1h1.!m 

MiiritP,  fiilii.lral  liiirriMi'iiili-,  aii'l  int.r-tiiiat  iiuarl/,  ih.-  latter  m 
-mall  aiiiDUiit.  'I'li'  ai'i'i--nrii--  ,.r<>  nla^•I^•Iitl■  ainl  iiyrii>-.  Tin'  r-l'- 
tioii  of  till'  i|uarl/  ualiljr.i  In  tlic  S:'anii-!;  i;raii"'linriti-  i-   i.t  km- ■  n. 


coSTM    1.    .i|:    c.ll\Nii|il.>l;l  I  I      l'<i|tl'IIMIIll>. 

At  till-  roiitact^  of  thi.'  gramidii)riti'  an-  frii|uiiUlv  ili-velopdi 
'ivkt-iiki'  and  irro(;uhtr  nia-.Mvi'f  [)i'rpli>ritic  ro<'k-..  whii-h  an-  mjiu»- 
liitU'S  inlriisivf  inlo  lhi>  Hraii'"li<irit«>  a:^  uidl  a.-,  into  tlit-  iiitruili'i 
I'.nniiti.in.  ^\it  at  i.tli.r  tiu'i-  thi-v  ari-  im>i   (•Ifarl>   intrii-i\i'  iiiti>  tin- 

^lMII'>dii>r':t<'. 

'.''""':/' '"'>/i'"  jii'i  /li.  Ki-il'  .  riif  iin«-t  ••■■mil  nil  ivpi-  i-  -.i  liiilil 
;:ni  nish  i;iv>  lock  with  ai.  ayihniiitii'  to  tliif  ^raincil  ij'""iiii'l!iia-- 
viw\  niuJiiiiii  -izcil  |ihi'm"T>>i  -  ■if  fold-,  a r.  iiii  irt/.  ami  lii^riil^l  talc 
The  plienoi'T,\>t~  var>  in  iiumlii  r  from  Mr.\  f<'^^  iiitn  pha-i-  in  \vlii^-1i 
i!ir>    ari'  ili^minaii'. 

IZ/'iiiM  «)//(■ .  Tiif  fild-par  phcii^"r\-t-  air  ailiil' -.iliu.M-!;i-r, 
'\\[i'  linrn'tili'ndr'  iilifnucry-t-,  utiiTc  -till  prf-crvp<i.  havi'  an  olivi'  to 
liri'VMii  li  yrci.'ii  plrrii-Iiri-ni.  bur  ari-  ii-ually  altiivd  !■!  liii.ritc-.  .-hlo- 
'itr.  anil  I'piii'ito.  Till-  i;roundina--  i-oii-i-t^  ..f  vr-rv  tint-,  irri-jular 
L:r;iiri-.    rarplv    intii-t;ro"  n    n  i'-n  tT;iI'bi''a11>'.    "''    .ilbiti  •■.li^ji..-la-.  ,    an 


/   \^m^§Mr  :.^^&SMet  ^^Jt^ 


\o.\ 


lie^>l.(Mil<'.il.    hl:iHl,V,   fAN,»I>» 


uii'wimiiil  (.•li|-|>;ir.  |'i<il>al>l>   i'rtl\i<'lii-i-.  i|iMrl/,  uin]  liiiriibloinie,  thi' 

li'irnhli-iiili    n-iiiilly  a --nr.v.     M:ii;iii'tit«'  ii  the  (itil>   otlviT  ui'('»w»or> 

niiiiuriil,  iillli4'iml>   psriw   ii«iiiill>    ,.iMir-   iu  ili-i-riiiiiiuli'il  aTuim,  but 
riiii;.    Ill'  si'coiula.'.x , 

Itouiiilo<l  >'i'irri'i!iilii.ii-.  ^iiiiiliir  111  fliM-o  in  llu'  araiioilioritp,  air 
f!iirl>  i'retiut'Mt,  c-ipcciHllN  in  tln'  fnar-iT  «r;iiin'.|  jilia'c^.  in  whifli 
flic  {■•iiii< ii-iltui'Ht-  mill  pliitfiorla^c  arc  im.ri'  aUiiiiilant. 

l//,'.-,i//o«.  \\u>  iHiriilivril'-  ar.'  -li|ilitl>  tn  m-railv  aiUTcil.  liin 
all. Tali.. II  l"'iii«  imiallv  ratlu-r  iari^'-.  A«  iiientii.iH'.l  tlu'  homblpmli 
is  ii-iially  ri'i'la'V  •!  !•>  Iiiotilc,  .-lilorit.',  anil  ri-iiiuli',  aii'l  mIIut  neoon 
(lary  mineral-  ar.'  -iTii'ilo.  cali'ili'.  aH'l  limoiiitf.  'llu-  jiorph.vriU'- 
liavt'  latluT  rari  ly.  rxi'rpt  uh.'ii  they  arr  iiilrn«ivi'  int..  tlu'  Hi.-kiT 
•<ori«'-.  a  ^I'histo-i"  tpxtun'. 

A-  iiiny  l>i'  -I'i'ii  frnii.  till'  litbnli«ifal  •li'-iTiiitiiiii,  an. I  a--  uotH. 
th.  .|iiart/.-tVlil-par  porpliy i'it<-^  ar.'  .-li— ly  r.laf.il  t..  llu-  similar 
lH->ri>hyriti'-  whicli  are  intriHiVf  into  ilir  Si.'k.T  "eri.-  in  irrfn* 
iniiiilifT-.  nil. I  uliioh  havi'  alri'mly  Imh'i    ilf-.  rili.'.l. 

r  I  tin  pill-  luiriil-iirili'.  Siiiillur  aii.l  traii-iti.iiial  porphyriU.- 
ui.  iir  in  whii-b  nuort/  iloe-  not  form  plu'noiT.v>.t^.  (Ifhcnvisc,  thew- 
ty)»-  an-  -iinilar.  ti.  tin-  qiiartz-feWMpiii-  purpliyriti'^.  aUhotiRJi  they 
ai'.'  rathor  moTv  Im^ic,  aiiRiti'  bciiiff  prt'-ii'nr  in  -niii.'  ..i-onrn-nres.  anu 
th'T."  Ii  in.>rr  variation  in  tt'Xture. 

B.itli    till'   niiartz-fclilspar   ami    t'fid-par   p.iri.liyritf-    ar.-   fU     '■ 
rolat.'d    ti/    till"    jjrano.lioritf.      I.itholopioally    they    ar.-    similar 
.Wieiiit.'  nr  (laoitf  porph> rites,  or  a-  tlifv  ar»'  ir..r.'  i-miinnnly  i-iille.< 
quartz  porphyrites.    Their  olosc  relationship  to  thf  .^ranoilioritp  m« 
b'l  in.il.'ated  l>y  I'allintr  tln'in  'jr;m..iH.'ril.'  purplivrit.--. 

1)VKK>. 
Aiiilih-     hcilriiiij,     'lli'/ilA'l'/.'     j>or)i}liinU-!<.      Ihsii  il'uhon.     -(.'oilfine-i 

for  tiif  ttriMtcr  part  to  the  l.atlinlitb^  oi  Saonirh  granodioritc,  ami 
ni'in-  niinier.>ii-  m>ar  tho  coiitai't-  of  liic  pranodiorit*-.  are  dyko-i  .' 
basic  porphyrites.  Tlio  ilyke<  ar.'  ^i-Moni  v.ry  iimiierons  nt  any  one 
locality.  Tlioy  are  well  ih-tini'd.  rcjiuiar  dyke-,  from  a  few  iHOllo^  up 
U\  "0  tVft   in  width. 


r.=*  pr.Ri^ 


>•. . 


iipi  inr.Ms   \  ss« ui  V Hi  lAi  \M, 


KIT 


l.ill,i>lniiiral   .„.»,,(, 


Til.'  ).riini[i.il   il\kt> 


i'i'''i.    I-    all    .iinjit*- 


f.'.iriiii;.  umletii.'   ih.ipln  rii-.      Miu.i piruHv   ii    i-   ,1    -ii-vi-li   i.'r.vii 

p-ifl'l'.^ritif  rcx'k.   \\\\\\  m   ,i|)liaiiiti«'  umumiIiiiii".  iui<l   in«'limi    li/.fd 
f*fii  iKKT.v  '1  <i;    i'.lil-|)iif.  .iii>l  -tii.illif  Mini  liiitT  |4)iiii><T^ -t-  III'  liorii- 


[ir/ii.«ru/./( . 


|iliiMii].T> -t-   iiri'   -I'l'ii    iin<T.-"'i>|inMlly    1(1   I,,;   a 


{•■i->v  uiide'iiK'  iiliiiitt   Al..  .'.It.   All.  .VI,  li.inililoii.l. 


II. I    uiiuidv 


111. 


;r'Umllii:i--     r.iUM-I- 


■t      .1      IMtlltT     JU'li 


iiii.l.-mf.    iili.uil 


..>.  All.  ...'.  wiiii-ii   I-   111  i\..(.,.,  mil 


III 


.;.'n.|.'    I-    nil'T-tituI 
ilf>>ri'd,   till-   I'liii-l    -i:.' 


iinnioii  «r.'.  11   lu'riililciide; 
iii.v  iiiipi.rtiiiit  a.-('i-.'i)r.v  II  intral.      Tho  anrlf 

the  horn 

i.Tttl.lv 


•  i   mudlK'tili'   i-    tlif 
c  ..I'  ttif  Kr.iiiii.liiNM-  o.'<'iir-  ill  liitli  -liappil  .'n-lal-.  aii.l 


111. 


ar. '     ii-iiali\ 


.II-.! 


•ii.l.irv     iinii.T 


il-    I'l'iiiif   piii.j.iii.,   I'hl.'rili 


liidisll,  yi.:-j::.'irilr.  Imni-iv.  int..  tlii'  IJiali  di.iriti'.  in  tiii' 
v;iiiiit,v  of  (.'a[H'  lifal.'.  ur.'  a  tVw  dyUis.  (dip  of  tli.  ■;i.  dvkfJ.  occur- 
T.v.'A  ijii  tlip  euit    -hc.rr  of    IVirUl>'>    -omul,  iifxnit    _'   iiiil("<   north   of 


<-.(|..-  IJ-'ide,  .Vt  felt  vvidc,  mid  -tiikiiiar  N'    ti»     W, 


■  rill',  lii.t    11.. I   of  t 


H-  an;; III     liranii^'   lypo. 


It 


ipliuiiitic   roi'l;.   wllli    -Miall   Iml    iiiiiu(>r..ii-   iilicjini.fs 


an  alldf-itt'  |>or 
-  a  darU  nre.\ 
-t-   i.f   pri-iiiiitii- 


iKli-ii.l.. 


wliii'li    ijavi 


p.iralli'l   ai'raii;;.Miii.iit. 


1/ 


/*  rtfst  ojti 


I'l 


.riil.li'iah'    plir!ir..T,\-I-    ar. 


'pii'  i\aiiiiiiali<.ii  !.•  It  .1  li..;ht  l.n. 


un,  c.iiniiii.n  varii'ly. 


■  f   tl-  •   Liroini.lnia--    an-    l..i-i.'   aiiili'-iiic.   iiliniit    Al>.    ,'..".,    An.    t.'' 


lU'l   -.mall   ur.-iiii 


il.Vri.Ii,      Th 


|.iN-or.v   iiiuiiTiil-  MTf  qiuirt/ 


.1  iiiaKiittit.-.  and  p..--il.lv  ).i..iitf,  whii'li  miiy,  howcvor,  lii>  I'ntir.-ly 


lary,   .iltlioimh   tl 


i-    otIiiTwi-c   alino-t    uiialt.'rc.j.      Tlic 


a!i.i..,-iiii.   of  til.'    Lii-niiHiltiia-i-    i.iTiir-    ill    latll-«liiiiH'd    iT.\-tal-    with    a 
-"I. •parallel   arraiiL;i'ii  ..nt.  often   |.,.|ii   ar.niiid   tlio  lif.niMcii.le  pliciip- 


•  -t-.  uliioli 


>na...    iinhiil.    till'  iniimraN  i.f  tlir  pronndtiia^-t. 


•iiiii  HUM    III  I  \iiii\>  1.1'  Tin    iivTiii'l  11  nil     v\i.  i.vio    iMiti  «iv  1;-. 


hilmuil-  'I'll.-  plnl.iDii'  r...-k-  li. 


ill  I.e. 


11  -\il.jc 


■t.'d  t 


o  iiii>ro  or 


i---  .l,\  iiHiiiii-iiietaiiiorijhisiii.  wliii-li  lia-  prodiiofil  a  sonifwliat  ai.eissi'' 
r.'Kfnii'  ill  the  .li.rit.-  aii.l  uiaii.Hlinritc*  of  the  TJealo  an<l  Snanicli 
i>TK'-i,  and  a  pr.)n..iiii.'i..i  an''i--ii'  tixinr.^  in  tlie  (lioriti=  and  qi'.srt?;- 
T    riu-  I.f  th..  Wark   i\n,..      All  ..f  thr  aranitio  rork-  are  eoniinonly 


lOS  ..P.il  iM.K  *|,    SI  IIVI  \      '    <'>APA 

triatl>    .|.'iPili'<l    .nil!    lr;M  t'ir.'l.    viilli    i\  "U     r.  uul.ir    \,irttf   joilif".    .iii'l 

'iniilliT    irri;.MilBr    rr.u'lun -.       I'lit  >     luivr    :il  "    I" '  II    r«'    "r    U-* 

<ilii-:iri  '.  "11111  \it<'  u:ri'.iH>.  .|im'|..)i;ii,'  ui.li-  -tn.ir  /."m-.  1 'n 
t'riift'iriiiL  .Hi. I  -In  ariiik!  Ii;i-  in  iii^-t  n]-t;i!ii-i  •  r>  iiJii-im!  t'n-  uv  'iii.' 
riK'I  •,  uiilii  i"T  i'liil'Iiiiu  |inr|"i«i-.:  altliMucli  tlir  «raii'"liiirilf  # a'".-<xI 
oil  All'trni  ■  .111  i|.  iii'.ir  Friiiikliii  liviT.  i-  in  !''»''"•  i' ii'iliU'lv  j"ii.l''il. 
.iii<l     MMi'lv     j'l-i  !•    iri'iii    -iiiiJI    rrarinir-    .nul    -In  iir    ,.ii.  -.    uii"!    wuilli 

•I.Mll.l!.  --     Im       -llilaM.'      l'..v     l.llil.lillj      |iMl|...-.    -.  \\.,uv      ill-     -ll.lT    /..!■.   • 

llii>  ^raliilii"  r'Vl  «  :iri-  'n"l'i  ..r  !■■--  luiliiTilli/' '1.  nil  ••III  l>^  --li'all 
.iiiil  IrrPutil.M   i|iiarl/.  ..H'i  i|ii.ii  i/-,|iii|..i.    m  in-. 

/,'. 'ii'io//-  ()'  /i///!'.-  ill  ith-:-  othfi. — The  ■'aaiii'li  (truii"<liijn!i  i- 
'•liaiK  iiiliii«i\<'  iiif'  ill  W  ark  •ii^rilo  .-i;  t  i|ii.'il/  liiorili'  ^;i  in  .  .- 
ami  J'li'iili  iliorilp,  liri'i'i'iatiiit  tliiaii  l">lli  ali'iij;-  thr  '•niitai't''.  .I'-'i 
^iinlim;  irn  lmI.ii-.  al'lili''  apnpliv-c-  iiil..  lli.'iii  l'(.r  lonu;  distill. ■■>- 
rill-    l-f'alinli    -.1    til.     \V;l|-k    ami   lil'illf   .li.Tit.-    i-    ii.it    oxpuj't'il.   I. Ill      !;. 

W'lirk  'li..rite-  ar.  .  uiili  .•..ii-i.!rra)ilc  .frlaintN.  i'oii>ii(l»-rfil  I"  L.  ''■ 
.il.jir,  -iiH'e  tlit'.v  ar.  •jii.i--.ii',  an.!  init  -.■  .I..-.  1>  r''hiti'il  lilli..|...- 
.•iill\  a'.. I  -irii.-l.ir..  I.v  Vi  lli.'  Sa,i':i.'li  uraiid.li.'i'iii  a^  ti.c  I'..  ..!.■ 
•  li.iriN-  i-.  Till-  iir.'iialttr  -tii|iii-iii'o  of  friirti.'ii  i-.  lliori't'. ire,  »*  iii^.i;. 
W'ark  .11. nil.-  all.!  i|u;iri/.  ili..riti'  Uli''i-'.  Hcali'  .|i..|'it.  .  aii'i  >>aaiil.l 
xTiUi.i.ii  .rill-, 

.\ltli..iii.'li    ill.     Walk    liii.rili-    an.l    .piarl/    .lli.rin     i;iii'i--i'-    I.-. 
iiiiiialK    a  -iiidi-  l.!itli..litli.  flic  .jiiain/.  .Li'>rit<    i?  inn  n.-ivr-  im..    i,. 
Wark    .li.ii-lli'.      Alth.iiifc;li   Vflativi-lv    Inrsf.'   na-n-    o{   tvpic- 1   .Ijor''. 
■jiici--  ."•.iir,  it   i^  ncarl.v  I'virywlicri'  .•ut   !•>    iiuiiar..ii-  a|..i|.li,\-"  ■ 
liiiirt/    .liorii.-    and    a|ilili.'    Kiic-i--i-.    ..Ilii;     l-riniim    a    .•.iiii|il."     . 
ilioritf  uriil   iniarl/-iii."iritr  uiifi--i'-.  tliat   i'..!ii.|   ih.i   1..'  niapjMii    -■  ;  .. 
at<!>.    1  V.  n    ..II    lar;;'.-    -.'alo   .|i-taili>.|    iiiai.i.iiiu.        iii"'    .|uari'.    ■!• 
^iii>i-s  ^;i-iuTiill.v  iiiTur-  'ii  Idiil'  leiilifiilar  ina---i'-.  -.  ilirtt  a  ^.Ti. - 
.iltfpiiatinB',  iiTi'ffular  I..'lt>  ut  ila-  tu..  rnci--     i-  i'..rii.r-.l.    In  the  -i.v!:. 
.a-t.  i...rli.iii   ■■(  ih..  l..i'li..lill.   il..'  v,.,-!.-  Ii;i-  i,   .-lli!;.'  ..l    N    ."■'»     W   • 

■[!;.     r.  iati.ai   ..f   lla-  ::al.l.i-..   ih.Ii'.I   i      the   llii:lilan.l   and    MiL'-.r 
di-trict-  ^^ith  tlie  \Vnrk  .lii.riir  i-  ii'.t  kiK.wti. 

A-   .ji-M-rii.od.   tho    li.-ali'  .11. .rite    i-    ii^unHy    tlir   .•oiitii.-f    |>!ia-.    . 
th.'    I.atlinlith-    which    arc    iiilrii-ivi.    in    thf-    N'itlniit    f..riiiii1  i'.n.    ai-: 
Vhii'h  ar.'  '■.jiip.)-i..|  I  hit'tlv  .,f  Sa,niii..h  jiriirio'liorili'.     Siin'i-  t!  r-  t^■.■•■ 

r.ji'k-   ar.-  .-I K    rfdati-.l  litli..l..';i.-alb  .  it  is  -ugRf.;!.  .i   that  tl:P  H.  :.!.• 

ili..riti-    i-    a     II  ar'_:inal     "i'    |i.-i-i|.li.  r.il    dlttf.r.tif iat.-    ■■(    tli.-'    "^Uai;: 


<>i  rirt  I  V  <  »vi  .,1  \  r  ii  i-i  \n> 


IW 


^fii 


.fit. 


11  ■      1  iri  Hal     r.  -I  ri.  tii.ii    >,,     ll,c     f'..   i|.     .h 


ifll. 


!iath(  "'ill-    iiitf' 


i:.r,.    ill.      Niiiiiuf     I'l 


nii.ii  I"  1     I-    (>i  ••i!  1.'  I' ,     ,iii( 


•  in-'O  i'    I-iflh-   1. ';iliwl-.    hiri; '-.■-   nlnrli  nr.    Itci'immi,  .1    ,|..iii.'  flu 

.'.iiit.i'i.    -Ii.n' iii'j    li.ii    ji    iiiii-i    li.n.     I  I.  II    vii'il    .TN-l.illi/.  .!    wli.  n    |lu' 

U((lll,..|'..|-!l.           •.!-       i.lt|-li|.     I.       ;|i    ,i       -in.'.         l|;.  r.         ;iri         11,  ,11       hilil,,.,! 

tr.lH-ili^MlMl     M|.,-.     ill,      l;..ll.      .liMl'll,,     .iIkI    S;,;iiui'Ii    i.-|  : lli.rii.      lliav 

'■'11  111'  ih  i|,  iiiil  -i>|i,,r,ii.-  iiiirii-ii,!!-. 

'I'l ■•iiiii.i   .itnl  li>i.ri,|    nil  1.--   Iff  Hh-  "-.I  iiiifli   'jr:iii...|i.  ri'i  .  !■•    t 

llOM'lni>l'll     lll-:ir     ill         >     111. I.   I         ■,     illl      'lie     SlItHTI     l!ll.l'-t,,ll,   .,     ,,r.       i'lr     IiN 

.iiM»|iIi\ -1  -    .."    L'r.ip.,li.,rii.     .ih.l    ii|ilii.'.      »>'ii.,i;    ,i:  ,1    irrocrnlnr    ii-Oii'' 
M'iii-i    iiT  :il-ii  i|ii!i-  .■i.iniioii   tlirinii/h'ii.l    till    '..r.iii'Hii,  rii,  , 

I  he  )friiii,iii'Titi'  !".i-!'li\  riti-  .Iff  ri -i  [•'.■ii' I  in  lu.  Ip  ii,-.iirr.'ii' ■ 
'■,  tlu-  vicinity  mI'  tlii«  ,ui':ii-t»  nt  il,f  Siianii  li  ur 'ii,,.Hi  riif  iili  ili- 
iiivinltii  t..rniiit!"i'>.  'rlliii-  tiinii  flif  niih  r  {iluiniii''  riil>-.  '11  ■  v  ,ii'- 
,1-  i>tiiti-il.  ill  ^..iii.-  iii-i,iii,-.  -  iiitrii-iv.  iiii..  ill,'  ciMiiii.!;..!  Hi' .  \i  r 
In  ilMontl.v  till'  n  l.ili'iii-  .ut  n.it  I'lrai.  Tl:i,  .(nari/  f.|.K|,ir  |,.  ppju 
riiiK.  iiilrii-ivo  '1:1,.  ill.-  Sii-k.  r  •■  rii-.  \\!iii'li  ,  :,  a.  •Mini  •■'  ili.  ir 
!ilholii>.'ii':tl  idfiiti!'.  an'  aim. .-it  a--uri'<ll.v  oU''  ■•»'  tlu-  ',)i.'-c-  .'i'  riu 
uraniiilinrili'  jn  ijiinrii,  -.  :.|i-  a[H,ari'iitIy  nlii.-r  i!i,r  tli  "^aaaii- i 
urmuxiioriti'. 

.\-   air.  ail,'-    ■I;-.u--iii    111:. 1.1'   Sii'kir  -i  ili -,     lli,     rrlaticm  i-t   tin' 
Siiaiiii-li  .lirari'ilii-riii-  .mil    tli.-  ,>icUcr  t;aMiri'-.!ii.rili"  [.orphyrit.^  .a' 
III.'  I.iiiiwn;  l,ui    ill.-  L;al.l.r--.!liii':tc  pi.ritlivrit'-^  lu.iy  1h.'  ,%ouii(f'''' 

The  dyki'  rucki,  t!;.'  anprili'  li<'ariiifr  aiirlf-^ilc  i)oTi)hvrifr,  .iiu! 
tnfiii.sitf  porpliyrit''  willi  tliA  piirall(»lly  iirvaiiift'it  pli.'iKK.'ry^i .  ni 
h.iriiliU'inlr.  an-  I'li'iirK-  lator  than  tin  pint..-  ;.•  r.-ick-i.  fiitlitiir  tli-' 
I'.,  ai..  (li.irili  iiiiiJ  ."^aaiiii'li  t^i;i!H'ili"rit.-  in  vv.-ll  <l.'tino.l,  fi-j;u!iu 
rl\ki-i*. 

E.rKri,'\i  Hfiivtiiti  If  ijl'''-r  foiiiidtioii^.  -Thi-  trriii!ta-  r- !•!>- 
an',  a^  -it.'iti-il.  ri'p.'i't.'il  i,-  ';,.•  ii\trii,-ii\o  int.--  thii  inpi  .-.^r-H  ,  Mc-^r 
fnriniuiiiH  nl'  -.inttuTii  \' iiH'.iuv.  r  i-^hitul.  lli-'  [.ihtIi  !{i..i  lai--: 
and  the  iiiniu  i"n-  ipiar;.'.  voiii-  i\liii'li  r--'i'iir  in  tho  -Into-  in.iy  l-i- 
ri'forred  to  lIu-  after  otT.'i't-.  of  tli,'  t;ranili<'  intrn-iiin. 

The  yraiiiiii'  roi'k-*  ai'i'  intvu-iv.-  into  the  t'.ir'iati.in-*  ..i  tli--  Van- 
'•riuver  frnnip.  ilcvflupini:  narn.w  /oni  -  of  "hattfr  Ur.-ci-ia-  aloiip  the 
I'.Hitai't-.  aii.l  -1  lulin-  an.ipiivi.-^  ami  liriiiuiilinritp  pon'i>yitf  'ivki'- 
if.to  till'  invaili-'l   roi'l;-.      A-   -ratcl.  ili.riti-  ..r  iMnn/onJii.'  ilioriti>  i? 


'  Sep  pa^f  h;i 


llt» 


i:i  i>i,i«;iiAi.  >i  n\  IV.  i\v\r"i 


virtuiillv  iijwa,'**  llio  (•■iiitiK't  i'ai'ie-,  tvt'ii  i«f  tin  ^rainHliorito  I'liti.'-- 
lithfi,  witli  limostoiip.  TIk"  invaded  rooks  have  Wen  churapteristi- 
i-all.N  C'liitiict  Tn(tiUiiiir|)lio>0(l,  and  in  -onic  in-f!iui'«-,  notiihly  nf-..r 
liinp«toiic'  lOntiict",  dciwsit-  of  uictallii'  iuiiitr:i]>  liiui'  lieeii  farnieo. 
Iii>'hi-i(pn<  (ir  XLiiolitlH  o<'ciir  in  tiic  granitic  ro'-kc.  usuiilly  altere'.l 
to  aniptiiluilitts.  Tlic  xcnulitlis  arc  eoniinoiilv  anpnlur  ;ind  well  dt- 
tiiied.  l)Ut  ofi-asinnally  ihcv  liave  indefinite  lioiiiidiirii-.  inv!  .ir.- 
iniprir'nind  willr  material  Ironi  tlic  intni-ive  mapnia.  Karciv 
iiyiirid  type:;,  snch  as  tixise  o'cnrrinjr  near  fiio  Snttoii  limcstont'  cnr- 
tat-ts.  are  di\elii|>ed. 

I,'chilii)ii>i   lo    iinaii'H'f  jDi-iiiiil loiis.     'I'lie  .:.:riiuifie   roi'ks  arc  n.:-,- 
r.>iniiildy  .ivi-rliliii  l.y  tlie  scdinieiiU  ,,l' liu- Cou  i.ii,,;i  i^v  ■\\\<  and  "It! 
Siicke   and   ("arnumali   forniati>.!i-.      Tlic    un'(.nt\.nnity    is    usna!:-- 
marked  t>y  coarM'  ba'-al  conplnnierates.     In  -mni'  instanecg'  the  cor- 
lai't>  of  the  Saanieh  ^iran.idiorite  anil  tin-  ( 'ow  i,-liaii  '.'roni)  arc  faidt' 


Mod 


V  iii  iithjin  of  liatlidUUih 


\d  1 1  Ilk' 


•it  iimivcs. 


lie  Viathf- 


leCp--(illi 
rf    V<ilean 


dykes   have  lieei 
1  e<indiliiin-.     '11 


•rv~talli/ed    from 


molten    state    unde- 


ind  sedimentary  r> 


ley  havi'  Ufen  eruntvil  into  a  (freat  -cvie- 
and   new    .eeii|iy  a   large  volunu 


torniorly  oeeiipicil  liy   the  invadeil  roek-.     Little  c  \  iilcmc  i-i  >een   ir 
llie  tifld  as  to  tile  manner  in  whieh  the  liatledith- 


iave  reaelicd  llit.r 


[■resent    pesUlen. 


Tl 


[iry  have  certainly  rei'la 


\cr\ 


I  a  rue 


nia>s  of 


untry   rock,  apparently   in   a   relati\fly  Miiiit    manner,   willio 
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listiirhiny  the  stri 


d   dips   ,,f   tl 


le    Uivi 


li.rmati"n- 


Thc 


11: 


■J.   liatholillis.  even  durint;   llicir  hist   a^tivi 


ai:e 


al. 


th 


iiiliH-t   into  an^Mihir  lr,<^i>;rr.i-. 


iiieut-,    uliicii    ui'rc 


-l.-l. 


d  ■     nil     i 


roiii   tUi 


lUU'.' 


sliatlcred  f'l  . 

ri:e>r.  tr.c- 

•k,   disappear 


withm   a  few   yaii 
to  --inallcr  frairnients 


rd-   of  tl 


ntact,  and  have  cither  been  shattere.l 


id  a~-i 


ittcd  h: 


iL'ina.  of  which  thcTr 


w   soii'c 


evidence   in   rcstrietcd  localities 


el-e  h. 


sunl- 


nid  inai;nia  ti 


li<|i 


wc    may 


ilhi 


cpths. 
prnpti 


itiif   two   maiit    periods,    whi 


eal 


lh(>    Wark    and    Saanieh    piried^.       Kai 


peril 


wl 


iili-periods,  the  first   siil. -period  in  eaeh  case  heii.!: 


iiividcd   Hit. I  twi 

i-liar.e-teri/.ed    h>     the    cniptioii    of    movi' 


ha-i 


tht 


I'l'Utlt 


d 


ih 


id 


iriod.     The  cli.se  litholoKical 


•  Sw   !ia);c 
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Cf.  K.  A.  I>al\      MtcUanicis  of  Igneous  IiKrusion     Tbree  papers.  K 


Sci.,  Vol.  LI,  ir>03.  p 


mV;  Voi.'ie"  "ip03.  r  ip:" ^'' '  -'«''ii«'8.  pp- 1^"' 


■  il  iiUJIS    \  svtiu  \v;ij    ihl.AVD 
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►  inictiirxl  nliitioiiship  ..l  itio  bu-ir  iimi  v.r'u] 


luiiiiii  rniptod  during 


the    fwo   mb-periods    iipjiarcntlv    <li.i\v>    that    the    twn    -iib- 
iverc  iliffcri'iiiiatrs  of 


niRKma!) 


;i  i-oiiiiiioii  jian-iit  Uiiitnua. 


'Ilic  Wark  liatliiplith,  wliicli 


a.-  cviilonily  irii|itfd  tir-f.  is  I'lo^rlv 


rt-iatc<I    t..   the   Saanicli    l.ath.ilith-   <lniftiira1!.v.      h    is   also,   oxoept 
that   it    i-  (f'leissic.  very   similar  lilholoftically.     We   may.   therpforc. 


,.1.T     lllr      W: 


iinl     Saani'-l 


ni'-h    iiia;:iMa^    n<    •litf.  n  Iniat<•^    of 


' I"""  "iiaKiiia.     A-  a  «lin|,.  ||„.  Wark  niaf-rna  uas  mor.'  l>a-if  than 

tl.o  Siianic'li   uiafiina. 


rh. 


•Kitioii     .,)'    similar     -iih-alkal 


iiii     rorks,    cxI 


-miliar   si'<|ueii<-i-   nt'   rrupti.m    m.m   hasic   to   -i.-i,!    ,ii;,g, 


uiiiiiiiii.   i 


■l\\    ill    Kiir"|M'   iiiiil    All 


ul'itiiit;     ,1 
lias,   is   very 

tl„- 


I^lllMll        mill 


-iilMPiii'c  ,.t   .ruplM.ii    |,   v.ry  fivii. Tally   ai'i'.-i'i<'l   t.i  l.c  due   t 
matic  ditlereiitiatioM.     In   the  .-as,.  ,,f  •  phitoni,-  .•omplext's.'  siiph 
tliil    nl    Viiiicouvfr  ishiii.i.   ii    has   -.•Mnm   ,,,•   ,„  v.r  !„■,  ii   shown   that 


o  mag- 


as 


iitti-n-iitiali'in     ii 


I'liii    ■  III     pi 


I'l'.      ili:it     I-, 


^'■■•oiltlllr        in 


Inipirtrs-  -iiis,.,  Imi   the  varimi-    rock  t.\pe-  have  rntlier  been  stpar- 


iiitni.l.MJ.     The  ,]\fl 


•  •rriitiali..|i   prudlUMiij:;-  tin-  \arioiis  tvpos  1; 


U'l-ii,  t'lcrpt'orc.  deco  MMtr.l.'  ( 'oiise.iiiciitly  tlir  ditfrr.nti.it 


pes  Has 

ion   r;ilUllit 


lii    iMsily  stiulii'il.  an 
■iissi,ii]   would  In-  out 


11    lia-    lii'Cii   lint    htl 


!■     lll~fM--(i 


A   fjrthi  r  di 


plai-i-  ill   ilii-  lepori. 


'I'lu'  close  niafiniatii-  n  lat 


inn  III   tiie  jjrunodinritc  pnrpliyrilcs  and 
se   similarity   of 


loarly    -linw  n    liv    ilie 


>iiiiiiieli    fir-!iioiiiorite 

meir   mineral,  aiu!   pn -ninal.lv    i-liinii<Ml.   i-omp.-ii  i.ui.  Tlie   signiti- 

iliiir  ristrii-tion  lo 

si'lllr  ;irr     pr    ImLIs 


•iiiit  Nature-  "I  t 


le  ^:r;iiiiMlir.ni,    fh.rpiivrile-  ari 


iiact-,    liiiiv    I. 


nil-    pi  I'll 


il    iriiplinii 


M;i!i!:\    \-.iiiiiviM'    i!: 


whicl 


I   ^now,   iliat    liny   I  r.Nsiaiiizei!    iir.rr   r. 


'liii.V       III, Ml      lIll 


iritc.      It  .seems  most  pr 'liable,  tlirrefore.  that    they  arc   in  a 


-in-i-  ajiiipliysal   idui-e-   nf'   the  j;riinodiorit<-   wliii-li 

I'li-i   in  advani-e  el'  llu    n-ain   Isil  lii.llthie   iiitrii-ii.ii.  in..!   iil 

;':illii  lilh   had  U-f;nn   to  i-ryslalli/r. 


ueiT  iri'ptcs]   in 
it'ter  the 


A    very   eoniinnii    I'eatnri'    of   batlinlithie    inlinsion    i-    the   later 


Ini-iijn    iif    iiiisie    ii.i-L-    iisiiall\     ,i- 


ilvki 


11'    'niiiini'    intrnsionj. 


'  I'i.  .\.  Harki  1'.  The  Natural  History  ot  Iffneon«  K-.  ks.  Ma(  iiiiilaii, 
ISO!*,  pp,  12.")-13).  A  ^!^'<l(l  example  is  the  compo-  (p  Ol-aiinKaii  botlmlith  of 
hi-  Casrade  Mouii'.ni!  -v.-iem.  K.  A.  1»rIv,  IJuU.  (icel.  Ser,  Am  .  Vol.  IT, 
ifOti.  pj).  .S29-37fi. 

■  W.  C.   Br6>:gtn.      I.riiptivn<  sieiii   dvs  Krialiaiungtlii 
rp.  178-179. 


1,    mi. 


Pr 


laiary   or       (tv«ip-ma);iiiatit 


It.    lir 


i^!t;i.r    ]ak.  cit. 


l-  2,V 


A.   H.'.rkoi.    If.    Naitiiiil  Hiptei>   <.f  Igiicetis  Rocks,  Ma.  mill. m.   1909, 


■■'4-^i-.. . ..  J  ■'-:■  1  im,  .miLSBBS^naim^ 


^R«??9^T'!T 


■  .JPL  "-i  -  ■*»•  ■.**>    V  rn*"'* 


Its 


(n;ni(M.ic  \t   siKviv.  (  \NM"p\ 


Ullfi   lit-  lKi-i«-  ii>kf-   ;iiT(.iii|iiili,\  ii!;;   lin-  SMiiiiich  Lutiii.lilli-  ilii-  il.mlir 
Ic"   of   till-    iKiiiirp.      U    i-   p.  — 'I'lr  tluit    til"   ciil.i.rK-ilioritc   porph.v 

riti'~  i.t'  the  Sii-L.M-  -crir-   ;il-..   ri-pri- iit    ■minor   imrn-'ioii- "   a >n' 

pilll.\illi;    tllc    l';illlolit|lii'    il|irii-'iil. 

It  1m;i>  I'l-  v.ill  to  clii)iii;i-i'.'  Ih-ii'  llii-  roiifol-Iiul>  ol  ll.o  uniptiw 
i-.vi-lu  ropri-oiilffl  l>v  tLu"  iniiuoii-  ro.L-  oi  Viuuoiutjr  i-^laii'l  i  ■ 
({entT;il,  till:-  i-!,  tiic  ii-.el;i-!iu'li-iti  -  o(  tbr  Viiiu-uuvff  ffroiip.  tii 
(iiorit.--  nu<\  ^'Miioilioritt-  oi'  :!»•  luitliolitlii.'  iiitni-ioiis,  itnd  tii- 
iindesitc  and  r''liliro-ili(iriii-  |"'ipii.\  rite-  r>f  tlic  ilvla^  iitid  niiiuu'  iii 
tnL-iioiis"!  .!.    ".>-rii.r:il  ii-iiplivi-  i-y.-lc.  wllii'li  li;(-  li.<  ii   ''   •■il\    i-t;ii 

li-liod     [)>  '.iou-     till     C'Vir    tile    world    aiicl    wliii'ii    iiiis    li.ii, 

r.-c,-iitl.\    .-1111.1  '.;>     IIarl...T.'      It    i-oii-i-l-   of    ilnvo     plia-i-     .' 

ijiut'oit-   aotivit.v   in   iho   t'ollowiii;^   -oquciico.  tin    vi>!oanii'   (ilias.-.   ti.. 
balholitlili'  plui-c.  and   the  plia-o  of  minor   intrn?ioii-. 

Tlifi  ^inci^-ii'  -iniiiiiro  of  tiio  War',   lialtiolitli.  and  tlio  virtiun 

ill. -I'll f  pronomici'd  :jiioi--ii'  '•triioturr  in  tho  Saanich  l.atholitli  . 

may  hi-  fxplaiiu'd  i.v  -uppc.-iim  tli(>  W.irk  Uattiolitli  to  liavc  lircn  ih 
triidi>il  diirin;;  tlio  om;;. nii.-  iiiovoinciu-,  whidi  -ioiuTally  aocoinpaio 
or  pr-Tido  l.iitliolitlii«'  intrusion.  Th;'"  the  Wark  l.utliolitli  i-  ^oin. 
what  ohitT  than  tho  Snanich  hatholith  ha-  het'U  dearly  -hown. 

IJctli  liath.plitliii-  typo-  liavc  Ijcon  dvnanio-ir.ptanHiviiho,i-,l  .. 
lat.r  oioutiiio  nioM.HKMit-,  prf>l)aMy  dnriiif;  the  I.ariunidc  nvoliitii  n 
The  Wark  hatliolitli  hr.-  not  only  Imm-ii  dynatno-iuitai'ioriilio'Hd.  Imt 
-iti.v-  it  lia-  t'.LMi  intruded  by  tlio  Saunich  batlioliths,  also  contact 
niotamorph(.?ed.  This  contact  metaniorphism  hns  npparcntiv  cnu'pd 
the  partial  rei^iy-tallization  of  the  diorite  gnei--.  and  the  ^varitia- 
iion  of  the  quarts  liinrito  into  salie  and  feniie.  ^.oinvi. 

M<-ntion  lia-  already  been  made  of  the  typos  developed  near 
liinoeteno  oontaoi-.  Their  restriction  to  lime-tone  i-oiitaeis,  and  tlif 
prosfiice  of  p.vroNcn--.  e-oeeially  diop=ido,  -orni-  to  -liou  that  ilrv 
iiro  hyhrid  rock-, 

.l./f  mi'l  'v./jv/'i'/'i)!.-  -'I'he  batho!ith~  are  iutrn-ive  into  loni-r 
Jurasjic  rook.«.  and  upper  Cretuecou-  -cdiniont.  rest  iineon''orii:al'l- 
upon  a  -uhdued  ero-Ioii  ^nrfafe  of  pranitir^  rook-.  Tliey  are,  tii-r.- 
fore,  correlated  with  eon^iderlll>le  certaintv  with  the  Const  Kaii'j. 
batholith  of  T.ritish  Columbia,  which  i-  composed  of  similar  rni-;.- 
and  which  is  considered  to  be  upper  .liirassic  in  ajn-. 


'  \.  Harkor.     The  Natural  Hi-^tory  of  Tsnenus  R.cks,  Marniillaa.  !^''' 
p.  9o. 


■■TmtswNk'^ 


Six   lllKltN     \\N(ci1V.    .    .SK\M) 


II. 'I 


Tlii  VaiKw.uuT  rai)}f.>  .litTrr,  lr,)n.  tli-  Coum  Umhi;,.  of  l!riti-h 
<  oliiml.ii,  ii,  that  tlip  ;jraniti<-  r..,>k^  „f  tli..  Viinr„„vcr  ranee  do  not, 
u^  .•\|...-.i.<l.  ,H-.;iir  ill  1,1,..  larsv  l.ntholitl,.  l„u  ...viir  in  r,!utlv,lv 
-.■n.ill.  IrrrKiiliirly  oiitliiit'd  bailiulilii-.  In  .-outli.  rii  Vunoouver 
!-lan.l  ill,-  l.atliolitli..  :>*  i,..l.-.l  iin-l.T  .iisrril.uli..ii.  ...•••iir  al.,ii.-r  tli.- 
;naiii  ax..-.  Heparato.l  l.y  ..,   wide  ..ontral  ar.'a.  in  wlii.>l.  f,.\v  Rraiiiti.- 

■^"■'^ '•"■■•  "'"1  "■''''••'  '"!'>  !>'■  -vn..lin;.I.    Til.,  -roat  Iitli.>loarioal  and 

-•rn.iiiral   Mliiilarit.v   ..f   |1,..    in.livi.iiial   Mork^   an-I   t.atlu.litlH.   their 
w TV    Invriiljir  oiitlin..,.!.  yml   tlio  .H...nrn.n.'..-.  not.'.l   nio-t   (-{(.arly   in 
r..wi,-l,:,n  district    al.ii.ir  thr   Nanaini...   (  ii.Mnaiiui..    K..!  ..rl-.m.   aii.l 
K..l<a-ilal.    rivers   ..f  jtraiiiti..   ......k-.-    in    vallev   wiili   mountains  on 

.'ith.  1-  ^1.1..  ..ai,i....l  l,y  tlu-  iiivad.d  ruck-.  indi..atos  tliat  the  Rranitic 

r-...k-  torn-  on..  ..r  ivv.,  lar?..  lMili,,litt|-.  not  .\vt  oonipl.-tely  unroofed. 

Tlii.    Ii,v]u.|li..«i>    ^u^ii,-<r^    :,    ,,a-..n    for    tl,..    pr..don.inaneo    of 
..Tuniti..  ro..k»   in   tti..  -outli..a-l..rn   part  ..f  Van....uv,.r  inland,  where 

tib.  pn>-(ila.-ial  or.i^i.Mi  vyrh)  roa.;li..«l  lat.-  niaturit.v  .t  .^Id  afro.  re.!ue- 
in:.'  the  fr..ncral  Wf>l  far  Im.L.u    tl,..  T.rliary  p.Mu.plain.     Tlu-  true 
.ditl,.r.n..,>.  th.-reW..,  b.^twcon  th..  Van.-ouvt.r  and  C-a-t  rauL-.-  mav 
!"■.  that  in  th..  Coast  ranp..  ..ro-i.-n  iia.-  roniovvd  u  larse  part  of  the 

r.-f  ,.f  th..  batholith.  «o  tlut  tl,..  rctnainin?  s..dim.-ntary  ro.-k^  an- 
ir:  .1  hiTgr  >,.n-.>  inor.^  'ro.>f  p..ndant- "  and  d.wnfol.l,,'  wliile  the 
\irp-..iiv,.r  raiic..  may  Ik;  ..on  i>o,..<1  of  a  larp..  Coa^l  i:aiw.-lik.. 
'•atli.litl,.  j,..t  y..-  ..T.ff.ly  nnr.:ofe<].  of  whi..li  the  oxp  .-.,1  Uatholitli- 
:ir.    iiior..  pr.ttiii^Tan.'ts  cr  '  (.npola«.' 


W)OKK  (JABMRo. 

Uislribuiioii.-  -Won?  th,-  southwestern  coa-t  an  t«o  .slock-  ..f 
i-a-i-  pltitoni..  rooks.  w)ii.>Ii  ar.>  (•l,if>fly  .-oniposod  of  ffahbro.  The 
lur-.r  stock  underlies  t],,,  ero.ii.r  part  of  tho  KaM  S,,ok..  pc^niusnla. 
I;  i-  rlipsoidi,!  in  form.  tli..  major  axi.  h.inff  ahoiit  ."  niil,.s  in  lenptli. 
and  the  minor  axis  n  little  m„r<.  tlian  t>  n,i!..s.  Th..  st,x-k  forms  the 
country  ro.-k  r,f  th.'  Sook.  eopp.r  deposli-.  :u„l  tl,,.  jrahbro  is.  th.^re- 
f.>r.-.  not  only  h..st  .(..v.-lopo.!  .m  ih,.  ."lookc  i>..ninsn1a.  but  is  host 
k:,..^^n  th..re.  It  seem-  a.Ivisabl...  th..rofor...  to  use  tho  name  Sooke 
a-  tlie  distln.'tiv,.  srno.sraphie  t«.rn,  for  tla-  -iibhr...     'ih,.  sn.allor  stock 

■ '"■'^  •"'"  T{.-.<"ky  point,  south  of  P.^ddor  i,d.  t.     I  :,t,..t  dianietor 

i-  ab.Mit   ••  niil,-.      Small   i^olawl   kn..l,-  .„■  l,,,,.,.,  ,u ,.„,  J.^,,   ^^ 

^..  m/ie-u"   "'""•'■"''•     ^'"""'■".v    R-pnrt   ior   1907.     f^,!.   .^nrvcy.   Can- 
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S'K>kp  harhowr  alonp  thr  coa^t.  i'  taWv  on  Shirinjrham  point,  ami 
between  Jordan  river  and  l?nulilor  piiint. 

Tht  stocks  ami  bosses  arc  woll  i  .\|)t)-'t'<l  iiioiiff  the  shore;  and  on 
the  Kast  Sooke  peninaula  the  i;al)lini  fomip  liold  tid>re.s  and  hills. 

Litholonical  rharartir-:.  'I'lir  roiks  which  compose  the  stock:- 
are  uU  closely  rdiitcd  to  the  p;ihhr.)  fiiiiiii.v,  hut  ntliorwise  var>-  (?oii- 
sidcr;ihl.v.  'I"lu-.v  riiiifiv  I'rorii  iiii  uiiuili'-ciiviiic  frahhi-i.  to  ii  -idi. 
(,»ahbro,  and  even  to  a  true  nnnrlhoeitc.  The  fchlspiithie  tj-pcs  are 
confined  to  <iiiall  hosses  and  vein^..  Tiic  principal  rock  body  is  a 
more  or  Its^  uncis-oid  aniphih.'lc-uiiLsiic  v'uhiiro.  which  resemble-  a 
basic  .liorite  in  the  hand  specimen.  TIutc  arc  al^..  upophyfial  t.vpes 
,whi'-li  rauur  in  <'.iinpi>^itinn  1'ri>ni  a  ii  ■rnivjcnditc  lo  a  .pnirt^  d'^'r^ri- 
and  in  rare  cases  to  a  quartz-feldspar  peLMnalife  in  which  the  feld- 
spar LTeatl.v  pred'jiiiinate.s. 

, I  »(///( ///o/<  'iiiliiiio.  -Mart-Dsi  noil .  The  amphihole  gabbrn  i-  u 
ST'ciii-h  ••r.v-talliue  rock  normally  of  ratiicv  coarse  grain.  usuall.y 
witli  a  t:nci-:,ic  t.xmrc.  con-i.-tinR  of  i)lugioclase  fi'ldspar  and  l:ir«e 
Haiicil  hornblendes.  It  varic-  in  yrain.  however,  to  a  medium,  and 
iu  siinic  ca-es.  !■)  a  tine  yraincd  rock,  uhich  lyjiO'^  appear  to  be  fr.dv 
tr.'iTi-itionai. 

Mil  iti.^ruiiit .  Micru-i-opicall^  tin  ro.-k  i~  ^cl■n  to  con-ist  .■>-.« 
lia!l\  ..I  )i|af;I."-la-c.  liernblendc,  and  auiiiic.  In  the  c-nar-er  friaiiiej 
variciii-  aufritc  is  le-s  abundant  and  often  lacking.  The  feniic  and 
salic  n^iicrals  arc  pri'sent  in  alioiit  eipial  amounts.  The  feldspar  i-^ 
labradorite.  Ah.  K),  An.  (iO.  The  hornblende  is  a  light  green,  ^\eakly 
p!c(i<-iindc  \ari<>ly  ..f  common  ln.rnMcndi-.  This  liundilcnde  i-  m  r> 
charai-t,  ri-tic  of  all  the  gabbroid  rock'i.  It  is  seemingly  an  oi'lciii.;! 
cfiii^titncnt.  the  period  of  crystallization  of  the  feldspar  and  th>> 
hornblende  overlapping  tn  some  extent.  Some  of  the  amphibole  in 
the  i(.-ks  i~  a  fibrous  nralite  which  has  been  formed  by  the  alrir.:- 
tion  .if  tile  (irii;iiial  augite.  Mamietite  or  ilmenite  are  the  onl'.  im- 
liortant  ncce-torli  <.  .-ind   are  not   coinn;oidy  aimndant. 

l-'iii>'  i/raiioii  iiiiiiilc  'inhhro.-lu  -imie  of  the  gabbros,  n(.i.iiii,v 
the  '.iner  grained,  hornblenile,  exccjit  a-  a  si  cundary  mineral,  if  "P.  • 
acce--ory  er  la.-ldiifr.  The  fejiKpar  in  the-^>  rocks  is  more  "ea-l'". 
Al'.   ■!.".   Ai:.   '!.".      rii:    au.!2it('   i-  soini.'tinir=  li-rlit   irreen   and   -lirii'l)' 
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:.].-o.'hioic.  Tlie  :,,i;.'it..  ,u,.I  ph.-io.'lii-  ...•.•,ir  in  about  i-qual  amoMnU 
iiiKl  nr.-  iiioro  r,r  1,?.  -out.  inp„rni„.oii-.  nlilinuch  the  Mdspnr  w  f^me- 
•.im<-    liitli-illii|ir.i    uitli    ii'trr-fliial    Mi,,i,|j   ,,|-   aiiojto. 

f'phitir  nal.hro.     Tho  finn  prrnincl.  auplte  f:al,bro  i-  trnnsitional 
nto  a  rock   wlii.-h  ha,.   ;i   tni.-   iiilfr^prtal   :i!ui   uiiliitie  toxtiire.     The 

rihitic  ir:iM,n.  al nliiin-  cm-hmoiuiI  i.l,enoery«ts  of  plagioola«>  in 

;.  lln.T  pTMin-.l  rrv-lallinc  yr.nn,.|,„a-.,.  At  tini.'S  tl.p  ophiti.-  szabbrr 
.M.tJtaiii>  .liviii.-  a-  a  proiMin.-m  a.-.-.-M.ry,  v.ln.-h.  h<.wev(T.  rawly 
l-'>'"i.H-.-  ail  e-;s..i,lial  .■nr,-utiirnt.  Tli.-  uiivin..  ha-  hren  lareely 
.ilf.r...i  In  -..iiwrniiif.  an.)  i.I,liiii,-i,,.,  Thp  ;,„j,i.,,.  jjabbros  ;,ro  all 
.Morr  cr  l.-s  alt.Trd.  tlio  aimit.  Lri-it;  .■;,i,.||y  affp,-l,.d,  havin-  alt^rp.' 
I.'  iiralitv.     The  frl<Kpar«  an-  ii-iially   fn-h  a;;. I  .-Irar. 

r,ihiiiiiHii  Ir.rhin'd  .lahhro.  \  v,r>  ,i(.ailiar  h.okuij  jjalihri  U 
f.iuiiil  (HI  Rooky  [Kiint  ami  al-i  ,.ii  Shi-riii-hniii  (ininl.  The  rock  i- 
auMliimi  to  coarsely  cry-talliiir.  with  an  aliii'.-t  pcrl'cct  eiihedral  tcx- 
tiirc.  It  ccn-ist-  of  phi<-l,,c|; -,  ami  ainphil...],..  Th,.  ampliibole 
."•cur-  ill  loii^-  ciiliiiiiiiar  "-rv-laU.  In  inni.  loim-  l,y  \  to  2  pini,  widf. 
The  pla!.'iocI!l^c  al-w  ,M-ciir>  iu  hith-^hap.-d  crystals.  The  two 
iiiiicral-;  forn;  an  iiitcrlaciri!'-  mat.  whicli  iriv.'«  thf.'  rnek  a  very 
i"Ciiliar  icxtiir-.  Thi-  peculiar  I.-x('irc  i,  , -.piH-iallv  -trikinp  on  an 
iinpoll-hid    s^calhl■rl■d    .-.iir:': 

.l/;cn/.vr(,/./(..-^'l'|i,.  o.lumiiar  iiumTa]  i-  .-ten  iimlcr  the  niicr.,.- 
■■■.•P<-  h,  he  an  iiiterjimuti,  ,,f  lii..l;t  hr..uiii-h  irreeii.  weakly  pleo- 
'hri.ie  lioriihl.nde  with  a  dialla-.'!.-  au-ife.  Tlie  fehNpar  i=;  very 
i>aMe.  hylowniie.  Ah.  i:,.  An.  7.",.  The  -ali,.  and  fenii.^  minrraK-  are 
HI  al.oiit  ecpial  |ir,.portioiis.  Tlicy  are  nearly  eoiiteniporaneou-^  '.:\ 
hr-ir  ery>tallizati.Mi.  hut   I'ehl-par  li!l>  the  iiitM--i  iti.d  >pacc=. 

.\)i''lilnisal  /-/(((.v, -.  -The  more  |,a>ic  variclie.-  ,if  the  gubbro  are 
cut  by  -mall  bos'^es  ami  dyke-  of  a  imire  -alie  cablim.  and  by  pe^inti- 
ritc-  and  aplite-,  ami  nl-e  by  ,|vke-like  iiia.^-.  ^  ef  alnion  pure  hori- 
I'leiide. 

OliviH,'  aiiorthoxih-  (alliv,iUtc).—JUi:  largest  mass  of  t.alie 
whbro  oeenrs  ..n  ilie  iiortliw,'-t  -h>pe  ef  .Monnt  .Mairuiro.  atid  is  about 
m  yards  acn^s.  The  roek  i-  li<;ht  cjourid.  coarsely  crystalline, 
md  et'  >id)liodriil  textvire. 

!''^T1-  ■'^J 
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.1//.  ,„,«(<./»/'.  It  coii-i-l-  "I  alx.iit  V".  i"  r  ■■«iil  I'l  ii  I'l.'iir  plilgio- 
claso,  til.-  variety  l.vfownif.  \\>.  TO,  An.  T:..  1'>  |i<  r  •■(.nt  of  dlivinr. 
and  nhinit  :>  p<T  ''..nt  ..f  iniL'itr.  with  ii  vit\  littl.  iiKiL'n.litr.  Tlic 
bytovvniff  .hmmit-  in  lar^.'.-  .  itlifiliMl  prain-,  tlio  olivin.'  \i-ii:ill.v  in 
round.'<l  ^'raiii-.  :ui.l   lli.-  :ni';if  ..-  miimU   interstitial  crv-liil-.     Mapr- 

iictit.'  i-  orijiiiiiil.  lint  al-o  >" i-  v.\t\\  -tTi'ciitiiie  on  tlio  lior.lfr-.  ami 

in  tlif  <Ta<k-  of  tin-  olivine  craiii-.     'llie  olivine  a-  a   wliolo  i-  l>iir 
••lialiily   alt. Ted.     The   roel;    i-   dearly   relate.l   to   the  jrabliro.  I'Ut   !>• 
approtieliint'   ar,    anorllio-iic.      It    elo-ely   Ti-e.iit.le-    tliP   olivlllP-unor 
tho>.it.-   rock-   .lr-.Ti1.-l    l.>    Uarker    from     llie     i-lan.|    of   Uinii.    the 
feld-rntliie  inemher  n(  whieh  he  eallu  allivallie.' 

Aiiuriho.iU,'.  Aiiortho-ltie  re.-kv  iil-o  ,„rur  a-  ai-ophvaei  whieh 
(lit  the  mr.re  iiomial  feniie  p.hi.r...  On  I'MVehy  h,  a.l  the  foMs'pathie 
veins  whieh  bfceiate  the  n<.rinal  pahhro  hwe  virtually  all  of  their 
femif  eonslituriii^.  The  vein  rooks  are  lipht  eoloiired.  weathorinp 
CTeyi^h-while,  of  me.lium  '^raiii.  ami  I'omim-e.l  of  about  9C  per  eetit 
of  felii«par  an.l  ."  per  eput  of  aiifiite.  an.l  a  little  iiiagnetite.  I'he 
feld'par  is  all  luiMe.  Ah.  -j:'.  An.  ::>,  to  Ah.  :"..-.,  An.  t!.".  TUo  auRite  i- 
inter-titial,  an.l  i.>  alleriuc  .-otiiewhal  to  amphihol.'.  The  rock  i^  nu 
doubte.lly  u  derivativi-  of  the  ^.'abbr.i  tnapn  a.  but  !■<  n.'verthele-s  ;, 
true  an.irth.i-itr. 

I'en mat! I •.■■^. -OlUi-v  tyii.-  ol  apophv-.  -  are  pepmatit-s,  A 
eomni.n  pofrniatito  i.'^  on.'  eonM-ling  of  eoar-cly  erystallizcl  fel.l-par 
and  horiiblenilo.  Th.'  feld-rar  wcurs  in  the  central  part  of  the  vein. 
and  the  h.irnblpnde  is  jnorc  or  le-  c.ntitnd  to  the  wull-.  althonuh  \i 
frpquently  form-  ii  l.an.i  throiiuh  the  nii.j.ll.   of  ih.^  vein. 

MicniMiipi' .  The  feldrpar,  whieh  is  tlie  .'hief  eon-tilnpul.  i- 
iinaUiro.1  lahrail.>rite.  Ah.  :10,  An.  7(t.  The  hornl.'.ou.l.'  is  of  the  litrhl 
coloiire.l  variety,  an'  soiiietirKcs  includes  the  feldspar-,  developinu  : 
poikilitie  texture.  A  few  prain'^  of  niapnetit.'  are  al-o  present.  Kpl 
dote  is  a  comnion  secondary  mineral  and  ."-enr-  nplaeinu  the  pIblmo 
ela-^',  an.l  in  veinlet'^. 

.1 /.;;/(■.«,— The  aplite-  are  light  eolour.-d.  fine  prain.'d  holoeiy- 
stalline  rocks  with  an  af.lili"'  toxtun',  and  with  large  crystal-  of 
hlad-Ml   hnmbleiide.     They   .nr.'   eornpo-^ed   of  qtinrt;^.   nTthopla=e.   and 
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phiHi'M'lii-i'.    |.ni|.iil)|\     aii.|i-nii'.    sMfh    -iiKill    u\ ml-    nf    aniril' 


priiM(ii(!i'.     'I'll.'  Iiirtri'  I'ly-tiil-  .,f  hurnlil.  ihIi 


I'  ari    ol   the  i'liiir..i't<Ti-- 


l-lll     ,■n^C 


fiiiri'cl   Miririx. 


i,,ihl 


ihhri,  imiphiirii'.      AiUilln  r  r()''l< 


•iiltiiiu:   liiitli    till-   l'mIiIti 


ill.-    Ii'ld-imll 


wliii'li  ii.'i'iir-  III  ill*tiiict  •l^ko 


III'    Villi-,    aiiptar-    t.i    i'l 


i-t'lai.il  1.1  till-  i.ili.-r  L:Ml.l.ri.iil  T»i-k~.     Ii 


pul.lif..  ii.'rpliyrito.  and 


•.\|10- 


II    r.i'i'<-ii.\    h.M. 


Ft 


ilarK,    titiilv 


pla>;ifi-la?('  iilii!  auyiti'  »ith  a  I'lw   ph.  iii..t.v- 


i-r.\-lalline    ro.-k    .  f 
I'l'IiUpar. 


nro-1'  1)1,1 


It 


1-    -icii    iiiicni-c-i)pii-j 


ll.v 


10    .•i.n>i-l     ..I     a     line 


raiiiilnr  mixliire  ol   rontcii  poraii.  .m-   la(,rail.i-if.-  and   au^'ilp.      I't.f 


plagioclast'  pli<'iiocr>->t>  -ho« 


ziiiial   gnnitli  and   r:iiiK''   from  Ab.  :.'.'•. 


An, 


to  All.  40.  An.  (!(>.     Til 


iiitpr.-titial  to  ilu'  pjafiioi'li- 
I  Hoi  ilia.-    .\lid«a,v 


1-  aiigite  fii-('iiis  iiitcrKrowii  witli  and 
H-f.     .\[aLriiitit('  and  pyritc  ar.'  a.-.'is-orie-. 


i-t»i'('ii     llio    im.iiili     ..|     .liirda 


Biiiildcr   point   tlu'    Mt-ti-liusin   volcaiii. 


iri'   .-nt    liv    -ninll    irnnniar 


■'-e*  of  diorius  wliich   i-  uppan-ntly  nl.ii.'d  (.>  il,,.  S.ii.kf  an^ 


diorite  it<i]t'  is  broociatcd  li 


y  iiKin    aid. I.  apliti.'  vriiH  nf 


in),'  dir.il.-,     '\'ho    lioritc  i-<  rail 


qiiarl/ 
.-r  liiH-  itraiiii'd.  and  coiii-i-t-  ,,f 


Iinl'iiMrliilo    and     ai.ili 


■nil 


l.-ld> 


par     v\ifh    ai'c'e-.-iiry    maKiii'tit-- 


apatiti', 


lit    t.-.\lnn-    I-    aiiii.-di'ai    !■ 


iirnl.lciide  Inniiij;  i'ry>ialli/.i| 

ICI-imI.     ill,-     Irl.l- 


il'lii'Iral.    the    fiidspar    i  ipI 


ml    -Imlilly   a 


Idi'Iid.'   to   liidtili 


111  arjv    -iiiiiihaiK-oii-ly.      Tin-   r.n' 
I    111,.   1„ 


par  alli-niiir   t. 


-i-ncitc.  an. 


in   llic  in..i-c  a.-i.l   ap.ipli>-.-,   ijn-  f,-|d-par.   ulii.'l 


I  ."•i-m--.  Ill   lar;: 


•ulii'di-al   iTv^tal-^.  pr.-.|..iiiiiiali --.      It  iia^  a   pn.iii.nm'.-.l  zonal 


iiiil   iMni:i-  I'l 


aildc-iiic  lo 


oligoi 


11   eulu'dral    crv-tal-,    v^ldlr    t 
iTflins   nt'  riiiart-'.       .Ma;;ni-tit, 
•  ricitc  art>  -ci-ondary  pi-iMlm-t-. 


ii'la-f. 


10     llltir-llr 


growth. 


hf  hnniiilpiidc  al-o  (i.'.Tir^ 


rill 


I'l    with    iTi 


-!,.  d 


1-   ai'.'(^--..r\,   ami   inotn.-. 


.!..! 


pi. I. lie.    :iTi 


Mflniunritiikiii.  Th,-  Sooiie  uahln-..  \u,-  -iilfur..|  I'l-oin  i/on-iiier- 
.ihlu  nii'laiii..rplii-n.,  n-ndi-rini;  t!..-  i-.i.-ix  jjin-issi.*.  Lind  shearing  it 
.iinni;  widl  iiiarkcd  and  i.Ttcii  t'xt.  ■  !vo  zone-.  '{'Ik-  original  (•on--ti- 
riient  mineral^  in  thc-e  ^iiear  /.mu-i  havr  un.lerL'oni'  an  ainin-t 
■•..nipl.'tc  .-liange.  Tlic  tirs-t  -top  in  ilio  alttraiii.n  i-  thf  forniation  of 
lari:.'  poikiliti."  imrnhh-ndc-.  Thi-;  hi.rnMfii.l.-  i-  light  grm^ni^h  and 
weakly  pleoohroic,  and  has  doiil.tli—  ln-i-n  f.-.rmcd  from  t;u'  original 
iHiii-iti'.   It   ii  very  -inillar  t.i  tlif  h.irnl.l.  ml.-  uhich   in  -ttm-.'  'r -tniifo* 


\ 


lit 


(ihoKHiicM   siiivn.  cNNxnv 


aji|Hiur-  ti'  1..  nriuiiiiii.  Tin'  l.innili.Mi  ni'  tlii-  lii.riiMfiiifi-  i-  cliarai'- 
t*ri*ti<'  "■vrii  of  til.  iiioro  :iii<Tii|  rock-,  iiinl  i-  in  inmiy  I'a^*-"  uti 
uri(i>'ulitr"l  -ccoiiiiiirv  iiiiiiir:<i. 

Thf  iiii.ri'  -liririii  ro.'k-  .■■■ti-i-.t  alin.-t  i-iilirelv  i.i  lal.nulorit** 
and  till  lijrlit  ycilouM,  -icii  li..nil>liiii!c.  tlir  ain?iti-  liiivinK  hti-u 
cntirclv  niihiiori.  liotli  ot'  ilic  .■^-cntiiil  iiiiiitTal-t  lir.w  tlic  otTfK-ts  i.f 
inovfiiu'iil.  The  folil.-|i:U-  I'lur  Ihmii  Lrckeii.  Kri'ini'"'''''.  i>'>''  ••*<'" 
j,ull..l  ..iit  ilil.'  >.inkl'lik(  I.. nil-.  ;.ii.|  Ic  -clin-  i-xlrnl  v.-'TV -I  ;illi/^ -L 
\tiifli  i.t"  iho  li.inililciHli'  In-  ,u(vi  •  .,,,  r  t..  a  tiliroii-  miipliiltoli-.  iM-tim- 
"lito,  or  iimro  likfly  to  .in  iilmiiinous  uinpliiholr  »U"'li  :>  >trMlil>ttin. 
'I'lii-  aifiihiholc  siitiii'tiine-'  o.-.-nrs  in  ra>liatiii(^  kmiiii-.  ;inc!  vciiiltt- 
if  :u'fiiiolitc  an-  also  im-tnt.  'I'lit'  aiiipliil>ole  lia>  altfinl  ^liirhtlv  In 
clilorito.  and  tin-  fi'liUpar  i-  i-lomieil  snniewtiat,  l>ut  otlierwi-c  i-  un- 
altered. The  changf  i-*  -ncli  as  woidd  take  pku'c  oidy  at  liifli 
IriiHnTiiliircs  and  prcssurc- 

Tiio  iiiori'  I'oinplct.-ly  altcnd  nnk  coii-i-ls  of  a  Hiw  mat  of  -mull 

fihn-iiis  amphiliolr.  weakly  pk liroie,  with  larirt-r  nei'dles  of  the  li«lit 

Velio"  ish  ttrei'H  liornlil.'r.d.-.  Suattored  throuirh  the  roek  are  patcln- 
aiid  yrain:-  of  a  clouded  f.ld-par,  with  a  littlr  se.-ondary  alhitc 
Zeoliti'S  oeeiir.  tillinc  'iiiiuitf  cavitifs.  arnl  in  \riMlrl-.  I)i-sciniiiate<l 
thror.'-'h  -hcaivd  ro.-k>  i-  v.tv  nft.Mi  found  <'oii-i.|,.raMo  an  oimt-  of 
niairiii'lii'-  and  yy  rrlu.tile. 

IlonthUiiijltt-^.  -  'V\iL'  ^llL•a^■.l  h.i  la  gal.hro-,  d.-.-iil'id  :^l,o\(  ,  an 
closely  related  to  and  associated  with  masses  composed  almo-t 
entirely  of  ainphibole.  Tliese  anipliiholites  or  hi— ildendites  occur  in 
-hear  zones.  They  are  coar-c  irrained.  and  c(inr.ist  of  a  hladed  and  a 
nbrous  amphiUolo,  with  small  Msrcsation-  of  fehl-pai-  and  nuejTii- 
tite.  Ihebladed  anipbihole  !-  homhlende.  and  occur-  <'hietly  in  larfrc 
irn-^ailar  yraiiis.  massed  ck.-dv  loL'-ether.  The  tihnuis  amphiUile 
incur-  in  tine  UL-edk-  and  in  radiatiuK  jcroup.-.  It  i-  doubtle=c 
aetinolite,  and  occurs  in  hainls  a.—oeiated  with  the  remainintr  T.  or  fi 
per  eent  of  feldspar,  aiel  with  niaijntfite. 

Associated  with  the  Imi-nhlendites  is  a  li^ht,  irrcyish  irreen  rock, 
which  consists  of  a  fiiu."  jrrainril.  crystalline  frroundma--"  with  narrow 
zones  of  aetinolite  or  treni.iiite  in  divergent  croups. 

3A/fro.s'Co;i(>. --"Microscopically  the  rock  is  seen  to  consist  alino-t 
entirely  of  amphihole  and  ausitc.  The  anjrite  forms  about  50  ;)er 
cent  of  the  wlinle  rocl;  and  nr-  in  -mall   irrcffular  to  prismatic 


-»sr?a 


«<il    rill  KV    \VNfi.r\lR     l-(.\S|i 


It!* 


arain-.  Ww  aiMphil...!,.  i-  ,,|-  m,,  Mirictn-.  tin  .•liuract.Ti^'tii^  lijjht 
vellowi-l.  ar.-.ti  li„ri.l.lfii.|.-.  .111.1  M  Hull!  irnrn.  wruklv  ploo-'hrni- 
a''tin..lii..  Tin'  uctinnlii.-  u,„  tormril  lut.r  tlmn  th,.  mur.-  laa-Mv.- 
Sioriililfiuli-. 

A"i...iiitt.d  witli  th.-  li.«t  t»..  r,v|M-H  (J,..(Tih.-.l.  iir.'  tli.-  ore-  oi  th.- 
East  Sookf  rx'niii-uliir.  Th..-c  ..ns  nr<'  .•oinposi'il  .-hictly  of  chul.-opy- 
ril.-.  vvliicli  in'iMir,  u-  wiiilrn,  ;iIi,i.miu!i  oCtfii  i.|'  liir'.'"-  -i/.  ,  :;  ..r  I 
iiR'lie-  ill  ui.ltii,  in  a  i„i,tri.s  .■oinpo-i'd  eiitirrly  of  l.la.lcl  ami  iire.ll,- 
likf>  horiiM,.M.|p-^.     Til,,  chal.opvriti.  i,  .-Irarly  yoiiriL'or  tli;,ii  tli..  linrn 

n.-iulo.  iin-l  not  only  cui-  ll,,.  ImroM 1,.  in   v,Miil,t-.  I.iii   !in-  -jrov.!, 

around  tln'  ariipliili.il.    yr;iin- 


■■<  I  rill  I II  ml  rrlaHiii.s.  hilnnnl.  11, .■  S.iok.-  iralil.ro  iia-  -urtcr.;.i 
<oii-i.l<Talilc  ilyiiaiiii.'  ii  c'iaiii..rphi>Mi.  'I'lio  r...k  lia-  yioldc)  to  soiii.' 
.  Ttpnt  l.y  foMiiii.'.  a-  i-  -li.,un  iiy  it-  sfnci— i.-  -triictiirp.  Tho  priii- 
.ipiil  rcliof,  liourvfr.  Iiii-  I.I'.. II  l.\  t'.iiiltiim  ami  -luariiiL'.  Hi.. 
.il.iiiKlaiit  sheer  /..ii.'-  .i..iil.tl<'—  rcpr.-.ut  a  v.r.v  .■on-i.lprahli'  niovc 
ni-'nt.  as  they  aiv  i.I'i.mi  v.tv  wi.lr..  liaviiiL'  a  iiiaxiniiim  widtii  (.f  ,,vit 
I'K')  tVit.  and  iiiav  I.,  na.v.j  aL.ii-  tlic  -triki'  f.T  .-..nsiilprahlo  di-i- 
lancr-.  in  ono  i-a-.^  f..r  marly  a  iiiilr.  •{'lir  r...-k  i-  iil-.>  -lickon-id.^.l. 
and  ha-  hcpn  iilliretl  and  iiiipreKiiatod  by  on-biurinK  solutions.  It 
i>  iinpujsiblo  to  tell,  in  any  ono  caso,  just  how  much  the  displnoemenl 
may  have  been,  as  thorp  are  ii'.  sati.-faetory  mean-  to  correlate  tho 
rock  on  the  oppositf  si.lp.j  of  The  =hpar  z.nip.  Allhouuh  the  movemenr 
alonj:  tlu's-e  shear  zon.'-  may  hav.-  born  very  eoiisiderable.  it  is  net 
probable  that  tlu'  actual  cliKphieeiiient  ha-  been  lar-ie.  In  the  Eact 
Sooke  >took  there  appear  to  W  two.  iiuiti;  well  developed,  sets  o£ 
:.hpar  zone-,  one  bavin-  a  -trike  n.ar  X  m  F'"",  an.]  thp  other  ncai 
N  75°  E. 

The  joints  in  the  S.h.ke  jrabl.r..  are  imimroii-  an.l  are  related  t.. 
tbe  shear  zones,  and  their  -trike-  are  appr.ixiiiiately  th"  same.  Tlipy 
.ire  doubtless  due  to  the  -aire  eau-e^.  that   i-.  1..  .•..ini.r.---ive  f..rees. 

'1  he  .Si,i,K,-  nabbn.  I-  .-lit  by  .lyke-  .1  uv.,  kiml-.  one  a  diubii-.-. 
and  the  other  a  ^iibbr..  jiorphyrite.  The  diabase  i-  n..t  elos.ly  related 
t.j  the  gabbro,  and  may  represent  igneous  aetivity  of  a  much  later 
date.  Only  two  dyke*  of  this  series  were  noted,  one  on  Woodwar.l 
point,  4  feet  wble  with  a  strike  of  N  I.'-.'  W,  and  one  75  feet  wide, 
e.xposed  alo.i.i;  the  southern  shore  of  the  Sooko  peninsula  a  mile  weft 
from  B'pchy     end.      The   eabbr..   porphyritp   i-   related   petroffraphi- 
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I.I  or  (X.ll   M     SI  II*  M      I   w  \1>K 


.•iillv    I.,    til-    ;;iil'l.ru.   I. Ill    i-    \..iiiiK.r    iliiiH    i'k'   -•li<lilii'mi"ii   "i    »'■. 

»{..hi.r..  iinil  if->  ;•' iii|iiiii>  imr  -nil''  M'in-  i""'  'UtTi  niiliiiti*.  ii<  it  'Mit« 

fhmn  nil   in  «.il  (l.iin-.l.  Tiiirro»    >\\l>-.     '\hr  .lyk.  -   w.-r--  milx    «c«  n 
on  B«M-li>   li.-i..l.     Tliir.'  iirr  tUr,<    ,\\ 1   ili- r.-.  n-ix^'iivplv  '-**.   ' 

ail.l     1  ',    t'r.I    »iil.'.    llii'    -IriUr    Ml    ;lll    ..I     llirlll    iHillk    llLnlll     S    :'.'•       W 

Alimtf  tlip  ••iiii-t  till-  .l^kf  iiiiil  -Iii'iir  /.■in-'  Imvc  Ih'im  rnxl"!  b,\ 
th»>  wiiv.M  into  iiiirrow  rluiMii-.  Ou  ili..  boM  M.nthwrxtcrn  shore, 
whor.'   tlie   rocK-    iin-   -nl.j.fi    i,.    m  i>    |,.)uprfiil    "i.m'   a.-ii.-n.    ili.-. 

.•hii'-iii-  iiri'  v<r\  liirif'',  iiii'l  t'<'nii  ii  -nil^inir  friitun'  <<(  th ast. 

A-  jlrrrt.ly  ni.I.'.l.  tli.-  y;il.l>rn  -liow-  a  iiuirke.l  viiriiilion  in  .iim- 
ixioilion  iiii-l  li'Xtiirr.  Our  ..l'  tlif  iin'^t  (•ouiinon  v;iriiilioii-»  i-  thnt  of 
Kmin.  'I'll.'  >:al.i.ro  i-  iioniiiilly  iiH<rmiii  (trniiifil,  l-iit  (j;niil.<  on  ••nr 
hiiiwl  into  ;i  .niir-c  -iMiiicl  r..,'li.  iin.l  on  the  oili.r  into  ;,  v,  r.v  il-.f 
:;iMino.|.   iiliiio-t    -liilv    iiiiinrinl.      Tlitv   xuriiitinn-   iimv    nil   1m-    tonii.i 

III  flu-  -iiin.'  .lilt. Top.  niid  Ill-  in  ai-tiiict  iiiirroH   .tr.iiks,  :inil  thu" 

M.^-.  iitiiiiU!  iho  L'li.'i-io  ,tniriuro.  IIh-*.'  liiiml-  nuiv  linvr  licon  pr- 
.|u.-.-.I  li.v  iiiMv.iii.  111.  "ith  Io.mI  -h.-uriiisf  iin-l  ncrv-tnlli/ntion.  A- 
thcy  iil-o  iliff.T  in  .•oiiip.-ilioii.  thr  tiniT  jjrniiii'd  oontiiliiiiiL'  ni..f> 
uiicii''.  it  i-  more  prolml.li  tluit  tli.y  npn-^i'iit  an  orit'inul  -trn.lurc 
in  till'  pai.liro.  Sliiiilnr  liainliiiL'  1^  a  wll  nc(.Lr!ii;'r.l  feat  or,.  ..; 
-al.l.ro.' 

Th.'   iii..r.'   alk.iiiiio   .■!•   -alio   t,\po-   ,.l'   -ulilir.      ami    tlio   pomii,.tiii 

ami   aplitic  lorni-.  ur   in   ili-tliiolly   iiitni-i\o  .|\k.-i   wlii.-h   oiii    tl. 

ih.niuil  uiil'liro.  rtio  -oipiiiior  i.r  ro.h-  i-  rxpo*iil  in  iiiiinv  pi;,.. - 
On    Kui'ky   point,  tin-  p. viiliiir  (■;il>l.io  with   tln>  oolmnnur  i-rj^tal-    '■ 

.•.ii    s.T\    iil'i.jiilarly   l.\    an    inoi Ii'i'>     i-'"-K.    v.ltli   ..\.|-.Mi  per  .-ii' 

111  I'.jcl-par.  I'lii-'  in  turn  i.-  iiiolmlt'il  in  ami  oui  li.\  a  looi-i  uoitl. 
ooiirv'  unii  .'(.I  poirniiilito.  All  of  tla-r  tlin.'  xariolii-  am  inti  r 
.sior.-.l  liy  aplitio  voin-,     Tlitue  varioii-  f>pi-  arc  all  .-..n-ant.'iiinroii-. 

liut   ranp:*'  froni   hn^io  to   aoi.l.    fri'r  ipiarl/ urriii-    !ii   the  .iplitc-, 

Tlio  more  ai-iil  typo-  alway-  .nt  t.lic  moi-c  ^.a-i.-.     Tli.-  ta^-i-  ..f  tl  ■ 

\:iriou-  tvpi's  uri-  ii.it  alwav-  -liarp.  l.nt  t-  -.'iiir  ijpjrro,'  urmlo  iiii' 
raoli  i.flifP,  l.y  tile  pciiPtnii inii  of  aciil  inntcrial  ini.i  the  Im-i.'.  an. I  tlf 
rcory--tallization  of  flio  ini-linli d  lia-io  n  iiwral-  in  ttio  aoid  ina^riiui. 

Tho  only  laryo  nia--^  .4'  anorllio-ili.-  -aMm.  i-  f.nincl.  a-  iilr<>iiii 
.li^-oriboil.  oil    tlif  nortli\vi-t    -lop-'  of  Mount    Mai-'iiirc.      It    i-   infr 
-iv.'    iiit  .   the   iiiori-   f.TiiI-'   ual.I.ro   ami   even   lini-i-iati-   it   aloiiv    t!  ■ 

' '/Mki*  ami  Teall.      Hiiiid.-a    liinciu.  Ro.  k-  ot    ^ky.  .      Quarf.    .l.-o: 
i-^.l.   Soc,  Vr>].  50.   1891.  p.  fi*5. 
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■  naiui't.  A  ■•irntiii'i  l.rfiN-L,  .ii  rliiR  (rutup' 
B<ihJi,v  h'inl.  Till'  ifiilthru  i«  Ki-n  hri'<'ci.itn<l  in  m  ry  -irniliir  iniciiru  r 
to  ftiul  clmrui'icri-tii'  <.!'  pliit'ini-'  i"(inlii'"f*.  i'>  iimii  rial  runtiiiir  .  ri)rn 
iit\  uliiiimt  piifi-  lioriilili'iidr  »ii  11  iriin  unor»liii-iii'.  the  iiiori    I'oM-iMitKii' 
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'I'lir   rt'lutioii  of  the  liiiniMi  ikIc   vt  in-   an. I   tln'   1 
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vonnK'i"  iliaii  tlip  uHlibro,  -ini'e  tlnv  ..it  it.     Tl 

V.  inc  oftPii  li.riii  a   ii.i\».,i-k   inlrr-f.-i  iuu  flii>  ^jatpLr...      Tin.  Imrnl'Ii  n.l. 

"t"   flii'i'    \iiii-    iir-    111    lari;.'    I.la.!.-.l    .tv-IhU,    up    (..   t!    in<-ii'»-.    in 

li'iij^h.     Tliesc   vein-   ai.'   .-iit   !•>    M.i    iiorr   in'i'l,    f.'lil-pntllii-   pi  uina 
titps  ami   aplilo-.      'I'li.  v   appear   flu  !ii-clvi>   tn   In.   ininisivc.  an. I   ar.- 
most  proliiililv  liu-ii.  pi'^rinaiiti  -  loriii.'il  ii.v  tlir  ilitf.  n  titiatinn  i>f  thr 


■  niiiil.il    iniiKina.       I  li      iliryiT   inu- 
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uriil'l.  nihil 


-iicli    a-    .pi'ciir    ill    lii.'  ^hl■llr  /.i.n>-.  .1..   imt.  linw.  v.  r,  apponr  ti>  In- 
intnislv...     Thoy   arc   v.  rv   Iiirtr.   and   an-   tiii'.v   mri  lv    .■ni    \.\    t".-M-- 


piithii-  viin',  ;iltli(iimli   tlnv  ai-i.  .'ut   li 


,v   niiiiirriiM-   ipiari/'   \c 
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Ian  my  tinii  ilcrnoil   troiii  tin-   -i.^ 

F.jl'-ni<il.'-    I?i}iilinhi  lo  t/'-'r  I  ./ 
it-    ri'lalc.i    r.M'k-    arc    intrii-JM'    ini' 


.1  ^al.l 


I  riiiiii  >Qi(s 


\ 


ml;  l-\ .  liic  ni:  !■  n 


if  .^u.iKc  yauiii.i  III! 


Uif     M.t<''in-iii    Vi 


i-l.lt 
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I'--.      'i'lic 

iitla  "1   -li.ij i  Si.oIm-  h.'irhc.ur.     On 

Mill  hfiail  llii_-  (-..ntiii-t  i-  i'\p.i-."l.  liiit  thr  relation  i-i  -..nicwliat 
"l).-ciireil  liy  abundant,  miiiuie  taulfiim.  In  plaei  -  the  i;al»lif..  ptiie 
fi\>ti'<   the   voli-aniiV   in    -mall    aini|ili,\- -.    whloli    |.iiii-li   mit    a-    tiu-y  go 

Hay  from  tlii'  coiitaot.  A  flow  -friictiiri'  ha-  hicn  dovilopnl  In  the 
i-ahl.ro  near  the  Contact  and  parallel  to  it.  Farther  to  the  ut-t  aloii;: 
'he  eoa-t  a  t'<w  inelu-ioii-  of  pn  .  n-ione  ai-e  to  be  f.niiid  in  iln^  jralihr.. 

I  h.^  peiieral  fontai'l  .-an  ho  reai-'ly  fraeed  ea-tward.  Oven  at  a  dis- 
tance, by  the  <lifferinep  in  appear. .I'.-e  ..f  the  weat'..  pe,|  <iirl'ae,-<  and 
Ipdjrrs  nf  the  tv^o  ro.'k«.     The  eal.hro   t'.triii-:  r..i!iide<l.  ina->ivr  ledpe-. 
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whili  th.  iiiiiii-i..iir  liilui-  .ir>  T'iibIu  r  ;iii'l  iin  ri  ttlititiiiir.  auA  U'f 
rfM'i.  Ii;i-  h<'<ii  111. in-  -lifiirril.  Ilu-  iniiiiil  roiHni.  liuwi'vi-r  i-  not 
MItiiiii  <'\|i(i«0(l  oil  till'  |M'tilii>iilii.  It  i-  iiiurkcJ  by  «  vallfv  whii-h  '\^ 
iillf<l  «it!i  drift.  fiTniiiiR  ni  the  ^llo|•l•  a  jH-bbly  licut'li.  Tlif  lioiimi  iry 
■  •\i''ii'l-  i':i-l«iir<l  ill. lilt-  ii  ii.iri'iw.  .iltli'>iiKh  tlfi>|i  viilliv.  ImvinL'  i 
tninl  (it   iiIhmiI    \   ti(»     \V  for  u  iiiilo  t'roiii  itn-  -.liorc      If   llu'ii  f(il|..'A-i 

.1   M !i   liirif.  r  Viillcy,   \v'tli   .1   -trik<>  ut    S   ".«»     vS  .  f..r  a  11  ilt-  anil   ;i 

fiiii  I..  Hci'Ikt  liny.     AiHiiliiT  !tiiiiii:ir  valli\v,  liaviiiif  in'iirly  ih<>  iAiw 

n.  Ii.l.     Illill'K-     fill-     U<-lcril     inlltili'l,     l>r     tllC     IJl"'i->       l'"illl     -I     rk.        'I'h. 

uhMth  ;iii<i  vijlciiini'-  (H'iMir  i>ri  oppo-itf  «iili"  "f  ihc-c  ili'|)ri'--ion«  :it 
till-  >*iiiiii'  rl(V;ili.iii-.  whii'ii  ;ir.  I'Mii^iclcnildi'.  .I'p'iiit  ■'O'l  Ufl  i.ii  tlie 
''^iHiki.  |Hlii(i«iilii  'I'lir  wiillli  i'\  till'  iiiiiX|Mi-i  i  /iiih-  on  IJoi'ky  imitit 
i-  onl\  ii  tow  >.iril-,  'I'tif-o  tii't-  >ii({)ro-t  tlui'  loiiiiic'l  oociir-  iiloiit 
;i  riiiill,  I  lii'  i-  Mliiio>t  t"  lip  tx|i0ft('t|  ~itioi  l'""!i  fonii,'i'i"ii-i  li.iw 
i.irii    hiiiltf.l    ami    -liiarr  1    !■>   -lioll    11   liirii'    istcilt. 

(»!i  Slicriii^luni  poinl  n  lilik-  Io-j  of  unM.ro  i-  e\i-i-i'cl  '.vliich  i- 
intrii-iM  into  !('•  Im-alt.  with  tin-  ii-iii;il  <v.titjii'f  feat  in—  -iicli  :i'  i- 
-liou  n  oil  till-  -liov.    ..'"  Sookp  liarlioui 

Till'  (liorili'  11  :i--(  -  1  \|)o-r.|  lijci,::  'iio  ro^i  I  In  Iviii.'ii  ,?oriLit! 
I'ivpr  iiii't  lioiildcr  point  i<rr  al-i.  .  !i  ,irK  intru-ivi  into  t!io  Mi't('ho*i'i 
%-olciitiio-. 

iti'ii'iiiii  'u  i;iiiiii'i,:r  '1,1 ,11-1' nil' •.  I'mIm-.  <i\k  -.  \(liii'h  ar^' 
aiijuiroiitiy  nnr' laird  to  tit>  ;rai  I'Vo,  nf.  itili-M-ii'-  mi"  1'.  it  1-  a! 
I'ro'^L'iil  iiiipu^riLli    It  luriilaii-  these  dykes  detinitelv. 

On  Sheriiifrliaii)  point  the  little  bo-"  of  ji'ubbro  ha-  been  erode  i. 
iiid   if   overlain   by   tip    eoimluineralo  of  the  Sooko   foniiatioil.     Thi- 
iiiglonirrnti    ciTitain-   lar^ro   honldi  r-  of   ttio   rrubhro.   at   I    i**  olearl'-' 
lUiif-'tT  tliiiu  aii'l   nni'otiforn.iible  njion   it. 

.1/0,/,  III  (ifi'iiii.  Tlio  Si..,\|.  n.il.t  ro  and  related  r^>■^w-.  1  .\eept  u- 
the.\    hiiv.     he'  u    tli.     re-nll    of    hi-,  .niav.    iiroers.-.  -     tnive    all    b'-e: 

erystiilii/o.|    fri ollfii    -t.t.     und'  r    islit..!iie        iiiliti-ti-.      A-;   a 

■A-ho1e  til-    roek-  fi-ri!    -mail  -loik-  aid  I"  .  uhi.    ■  may  or  may  nn- 

ho  |irotn!'eraiioi'-  .ii  a  lam.  v  lio.K  oi'  iral'-'-ro  «!  "ii  lanlerlie-  th. 
southern  |).irl  of  t'.'    di-lriii. 

The  varidii-  lyTe-  oro  dtie  prinei pally  t.  nujtmatie  diflFerentia- 
tion.  The  oriiriuul  i  iafjinu  vsa^  <l')ubtie«-  ba.-ie.  and  trave  ou  -olidifi 
cation  the  nornial.  tine  to  niodium  firained,  auglte  Kabbro,  sometime- 
olivine  hearinp.      lb.'  apophysnl  tyjio-,  wldi-h  etit  the  n.irmnl  iiahhri. 
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"'■""■   '"    -'■"'T-''     "     '■■    -itii''   in      II. •.•I— n  ■     niru-iuiiv      "IIih   i-  ,iii,-  t., 
tti.    ..„;,,.. li..!,  ,      t.H-  I,  tiii.    r.u^.n.K,  ,.n.|  .,   .-..,.-.. ,,i,.nt  onric-lH.H'nt 

'■'    '' -•""    '      -"'' i.''.«iii4.      'H,,     ,,riui,„il    ...Iw    miM.<f.,' 

i..',n.  ,.   1.,.-.-  |.l.iK.„cl»H..  ifK.  M,|„    ,liffpr>-nti.iu.  «(,,  „  ,  tttu>rthoi.it. 
T1.    .tipun.t..,)    t',,„i..  |,.,1,.   „„,.,    |„,   r,.,,r.-.., .!.■,!   in   pnrt      .    \\„-   'lori, 
■I.ipIi-  Mill-  ninl  l,y  ihf  ^iil.bn.  iM-rpIr  rit.-  ,\yU,:. 

Th.     Iinriil.l.ii.liro-    ,1    111,     -|„  ,,         u.-.   ...    .v;,-    -i.UK    - -i.    ;.I.|..ur 

'•■  ''■'''■  '"■'"   '•"■' '   1'^    "'<■   rr.-n-t.ii    .'i.tioM   ,.?   the  f,.„n.-  .•.  nMh.>. 

■nu   ..I    II...    -i,e..,.|    K„(,l„-..        Wu     ,.      lH.,i„n    ..f   l,.r^,.    I„„.,.l.l,.,„|,. 

'■'"'""'"  -' '''"'  »'''-  r..n^i„||i/ati.     i,  M>t  l.iivo  tnk.n  |>l,,..,.  u.i.i.T 

.-.ri.liii..n.  r.f  v,i>  lij^ri,  ,..,„p,.r..fiiro  m.|  pr.-ur.  Tlv  or,  ,rr..,„v 
■'  'Pliii'-  \.Mii.  hipI  iiu.n.r.MH  .I'lart/  sri,,.  .yttinir  the  -hoar  -.nos 
^""1  'I"    ^"-1  tlMt  .1,,.  l,„rhl,l,.,uli.  i.  -iinihir  „r  i.l..nli.al  t„  thui   .vhi-h 

'■  ' '••"■^"•'•■'•i-il ■  iIm.   n...|.l.ilM.l,.   ^.,|,|,r„.   „mL'.-t    th.,,    ,!„    |„„,, 

t.len.lit.-    ...r-    f.,rn,..I    .llr.....l>     |,,1|.,«  i.,..-    tlio    s,.li,|i,|.,„ „,    „„. 

LMl.br...     ir.,i  -..■..li...,-,  li.iui.l  ,„•  i{a-.„Ms  •,„.„,  ir.,t..,|  th,-  ,l„.:,r  /oi.-, 

r..m<n..l   ll„.   (■.■l,i-,,„f   .„„r,    .■,    1... p|p,,lv   ,,,,.1    ;v,Tv.t;,lli,...l   tin' 

•   mi-  ,..,.,-. it„c-n.      ,„t,.   Ii..r„l,|,...,!..      Tl„.  s.,M,e  ...h.tion-   ..,„.,.,,r  ,„ 
••   IMIi-..,iMr,.,|  |!,..|li.nil|i,.   I.iili.-ri.l-,  <\l,i.-l,    1,  ,v,.l.,..„  I     ,,l,.o    ,    ;,,-U 

'"■'"'""■•"" -I'     "i'l'    tl"-    l.-.rii..    li,,ii,l,lr.M.I..    .    •.,fal  h    ,,    ,,!„', 

luvil.l.    Il,„l    thr..n..|.    Ilu.   i.ulu.M,....  „f  ,1,..  .,  |,„j,„„_  ,1,,..   ,,'^^'' 

i.l.'u.k-  of  ih,.  ,,.,i,,l.ll.„l,.  ^-,.1,1.,-,,  ,., i,.llv    ,!,,  |,r.,.  p„i..i!i,ip  i,„n, 

"'•""'"-•   '■■"■'■'     •■'■n.i...|   i.y   f,,.   :,!|, .,■;,,!...,    ..|-  r„-iuii,..i     uiL'lt.  . 

All  i,Ti,-n,.itn,.  I,y|,., ;!„..;,  ;.  ,1„„  ,]„  ),.,„^  '..,„li,,  ,„.,  |,„|,, 
ii...rnhl..n.l..  p-uMiatitf.  voit,..  .In.ilMr  t..  tl.,-  MrML-r.  irr..fful,.r  l..,r„ 
U.ni.li-  N,  ,r,<  \vl,i,-l,  ,■„»  11,..  ,,  1,1, r.,  ihn.nelu.i.t  th,.  ~tr,vk.  Tl.c  ot.jo,- 
.i"...  lo  ti.i,  h.v,,..tl„..i,  ar.  I  ..  Inr;...  .;...  .,f  tl,.-  !.urnb!,.n.]it,>..  ari,1 
tli.iip  r..-trictiiii,   t.'.  rii'iirlx   .(>    i^^ln     1,,..,,.  /,„„,, 

••'"■'  '""'  ">n.l.,'ir,„.-  II;,-  ,,„h  .|..il„ii,  ,.vi.i,.|„.,  .,,  ,^,  ,|„.  _,„, 
V..I  tilt:  S„oke  Kubbrj  !.-■  tliut  il  i^  uiueli  old  r  than  the  S-.-.lvr  ht,,] 
('.rmiiiiali  fcmiatioii-,  nil.!  i-.  tlii'r..fori.,  pr,  I'.^rtiar-  |i  ,  Intni- 
^iw.  i.ito  tlu.  M,.t..i,  ,.!„  N..l,.;,.i.-.  V,  ,i,.l,  has,.  i„,.„  .•,,rr..Iatp,l  uJU, 
the  V:ni.,..,,iv,.r  ijn.iip.  an, I  i-.  tti,...for,  ..robaMv  later  tli:!,,  b.^-.r 
■liira.-M..  in  a^e.  '11,,.  „tl,.-r  batholitbi..  r...  -  ,.f  -.  ..thor;,  Van.'..iivor 
i^bin.l  are  all  clearly  Tolated.  ant)  are  aln^ist  defi/ately  corrciiiter^ 
with  the  r.>n-t  Tt.in-.-  l,atl,..!it!  ,f  Hritisl.  Colinnbia,  wlik-L  i.-  ,„n 
-i.i..r-,i   bv    nir...    rjo,  In,/...    r,,   1,,,^.,,  ,,p,,,,    ,..,,p^j,      ,    ;,j    j,^,_^  .Tun-;.- 
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lime.  Ilii-  l>iilholitli.  iiltliiiiij;h  ('liicilv  i'i>iii|ui-c d  ••!  Niort  iniil  tsjM;-. 
i-ontiiiriH  jral»l«ro-;'  iiltlioii^fli  ikhh-  Ir.ixr  Ixiu  •le-rril.c!  whid;  ;.■•< 
itic  iitii'iil  witli  the  Snokc  Kiililiro.  Tin-  .lli>riti>  ■•f  tlir  Sooko  inji' 
<'-i(ie<Mii)l,v  tlin-t'  wliii'li  ixMMir  iiloiiy;  tlic  I'ojift  In  twiiM  .lo.rdiiti  riM- 
;iiiil  lioiildip  point,  luivr  ^uiiii'  litli"li.i:ii-:.l  ^iii>il;irilli  -  \Mtl)  thi'  cit.  r 
hiisii'  pliitiiuii'  rucks  dl'  -millirrri  V;iiii-<tiivip  isliiiul.  From  :;  iii 
»iiiiT:ilinii  III'  liir  liali.  iilii>V(i  i;ivin,  lln-  liitrii»i(.in  ••['  l.li  ■  S.m  ,  . 
;;.ililirii  i>  ln-t  I'nni'laKiiI.  ill  ii  yi  iiiTal  wiiv.  with  tli,  iijipiT  .lur.i-~i' 
jiiriiiil    't'  li;<tlii>lltliii'  iiilrii-ioii. 

.oWlil'A.V   i:|t<«l'l". 


Thi"  iinini'tiiiiii)r|ilii>-i  il  -niliii  nitarv  rm-U-  "i  Mi-u/'nii'.  .ii. 
pD-^ilil.^  lowir  t'oim/iiii-  I  l-!iii-<-iii- 1  asi-  iti  -mitlMri;  N'anroiiv  it  isl:,i  . 
Iu'lmiiiiii;;-  til  ijt  loa-i  iwn  mii'iiiiruniiiilili'  luriuaf inii^.  caiinot  be  ■!  - 
tiii;:iiiili(il  lillidliigicallv.  m'  at  pri-i  lit  -trinMiirailv.  aiul  arc,  tlicr- 
fore,  groiijicd  fDi^elLici-  imn  i-iniuiliv  ntuli  r  tin  ;;.  n.Tal  uaiiio  •  : 
<"n\viclum  ^r(i\i|>.'     'I'lic  larger  jiarl   nf  llic  v.i'"nii  ilmil.tlc--  U'lutit;-  i. 

the  Naiiaiiiio   t'orniulioii    "r   -crii-   a-  <l<l! !    Ii>    Iticliyrilscu.   \\'\r,- 

ia\cs  and   Uaw-ioii.' 

IliKlvthK.'  n.  The  t'mvichan  f;r>iu|i  iM-cur-  in  ihrcc  iirinci:, 
arca>  and  iia  ,i-,  wliich  were  Diitlitieil  hv  Itiihai-ii-mi.'  and  calliil  i; 
him  thi!  Coniox.  Nanuimo,  and  Cnwiehau  1  -in-,  [he  lionndaric-  ■ 
the  t^oiiiiix  and  .N'aiiaiinn  lia-in-  are  aliont  .1-  IJii-hard-mi  dc^i-rii'i -^ 
and  ill  iiiapiiitiff  the  Miiithern  part,  of  the  Chiiiiin  and  nnrtiiorn  p.if 
III  the  Nanaiiiiii  lia-!ii-.  Kii'l'ard.'onV  odiindarii-  have  lieeii  ii-ed  \\\f-. 
minor   niodiriealiens.      The    Cuwiehan    ila^ill    i-    niii.-!'     Kirc.r     th,  ' 

Ifielnird-iin   -npp 1,  a-  lie  did   ni-t    iiaee   il    iidand.      All   three  ha-i:- 

."•■■iii-  aleii;;   the  ea-1   eiia-i   III'  N'aneiiuver   i-lalid.      I  l,t  Cnuio.N  !ja.-!. 
i~   the   iinrlhern   niie.  and   ••t\\\    the  ^.|lnther^   purtiiiii    i-  -hown  on  thf- 
.■.■■eniiinaiivin^     map.       'i'lie     N'anainii)    ha-iti     i-     si  paraled     frnn!     tl'i 
Conici.v  ha^in   b,\    an   a\i-  >•(   X'aneonvrr  voli-anie-   whi<-li   eeeur  to  tlii 

'  isie  O.  K.  Lp  lioy.  Preliminary  Keport  on  a  portion  of  the  Main 
Coaet  of  British  Columbia  and  Adjacpiit  Islundi,  Ueol.  .•Purvey  of  I'lmaih 
Publication  No    'Mi.     1908,  p\>.  17-2-.'. 

'C.  H.  (.'lapp.      Summary  Hepoit.  lOtW.  (iiol.  SnrMV  <',.n,H|a.  \t.fO. 

•Janips  Kichardson.    I{i'|)<)rt  on   the  Coal    Fields  of   Nanaimo,  Comui, 
Cimit'han,  Bunard  inli't,  and  Sooki'.  H.V.      Iiipi.  of  I'n  ,;r<--,  IKTi;77.  tin 
SurTev.  Canada,  pp.  160-192. 

.I.r.   Wbitiiivi-.     Mp>o2ioi<'   Ko--iIs  Vol.    1,   I'art  2,   <eol.   .Survey.  «'..• 
ada.   !(<:!>,   pp.  93-190. 

(!.  \!.  Ilauxiii.  'I'lic  Nanaimo  ifroup.  Am.  Journ.  >ii..  Vol.  119,  l^'i' 
pp.    IWIlS.i. 

*  Ibid. 
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h..rtl.  ;iiiii  -..ml,  III    N;,i,n..-i.  iiMrl.i.ur.     The   N:in:uit..,  l.;,-i„  ,  ,,   Van- 
rotiv.T    isliind    ixtoii.l-^    -^oiUhra-t     from     Drparturr    Lay,    north    of 

XiiMaiiiio.  to  Oiil'lnu.  a  .li^ta of  i'bout  :'.<)  mile-.     It>  Kroatr-t  in- 

I,,:h1  .•VI.  (It.  xotilh  (,(  Naiiainio.  i^  aUut  10  mil.-.     It  .■xlcn.l-.  bow- 

iv.T.  li  ii.'h  farthiT  ,.a-i   anil  >i,uth.-a-t mpriMii-  ihr  uorth.>rn  part 

of  Sult.i.ri.iu:  l-lan,l.  ami  the  i>lan<l^  t.>  the  cast  ami  north;  v<t,'iu\- 
in-  -till  fart.h.T  -r.uth.-aM  ,„  ,|„.  i,,,„„|,  „f  ,,„,  v;,,,,,.  „f  \V„.;hinaton, 
h-  frrPiit.-t  ovpo^.il  len-th  ami  wMth  h,  r'ana.lian  K-rritory  i.  r..'. 
ami  l.-i  riiili-  r.-i....-liv..|y.  Ihi'  Cuvii-lian  lia^-in  „<-.-nr<  t..  fh<^  -oiith 
of  th..  X.mainiM  imshi.  l>.Mn«:  -^oparat-'il  from  it  hy  a  niirr.v.v  axis  of 
rrv-iallino  To<-ks  of  th.-  Si-lvr  -.ri.'s  .outh  of  ('n.ftnn:  and  .xton.ls 
norflnv..st  from  th..  cast  poast  al  Coai.'ha.i  hay.  uI.imv  th.'  ha-in  i«  S 
mil.M  wi.l...  to  the  wo';t  en.l  of  fowichan  lake,  a  .liMamv  of  about  M, 
mill's.  Tn  th,'  uv-t^rn  portion  it  i-  .livi.lwl  into  tuo  ,,art>  hv  an  axis 
of  th,^  un.l.Tlyinir  rocUs  fonnin-  a  ri.lpro  hPtw.^oii  th.'  Cowichan  an.l 
Chotnainus  valio.v-.  The  r,.wii.han  hn^in  oxt.'n-N  -onif  2..  ,„il...  to 
rh,'  .«o„thoa.t  fron'  Ci.wi.'han  hay.  !,..!„-  ixpo-i'd  on  th,'  nnrth.^rn  on,! 
r,f  Saanioh  p.-nin-^nla.  an.l  ..t,  .iviTal  of  il„.  .mall  i.laml-  l„'twe<.n 
Saaiiirh  pfninsiila  an.l  tho  i-lan.l^  .,f  tho  Stat.'  of  Wa-hin-ton. 

A  small  basin  oorur-^  in  tlu'  upper  portion  of  Kokasjlah  valley, 
M  nii!«"<  wost  i.f  .Shuvvniuan  lak.'.  in  th.'  .Malahat  .li^fri.-t  :  and  a 
much  larprer  ba>in.  separated  from  the  Coniox  baMii.  to  the  ..a=t.  by 
a  wide  axis  of  Van.-onv.T  vi.l.>ai;i.'s  o.-i'nr-  in  th.-  vi.'iniiy  .,f  .Mh.^rin. 
iind.'rlyiM;.'  the  u  i.l..  AlliiTni  vall.-y. 

riu'  i-ock-  I.f  thi'  rowi.'han  f;roup.  being  Ic^-  rosi^tanl  than  the 
miderlyinu-  .'ry^tallinp  rm-ks,  win.',  as  i|,'<>erikN|  umlir  l..].. -rapliy. 
;:ri'nlly  .  roili  d  hy  th.-  pre-< Wa.-iai  c.vele,  and  Ioula;,i|-  liav.'  1.,.,  n 
dtvilopid  on  them.  Th.>s,.  loulamU  were  eovia-d  hy  drift  durlii:.'  f',  ■ 
PVi-toeene  p.-iiod.  and  tin-  ro.-ks  are.  tli.'nlV.ri'.  rat  In  r  poorly  expo-nl. 
exi'rpt  alone  iho  .Imr.-,  and  liver  bed-.  N'l.rth  of  Cnviehan  bay  an.l 
r.i.vii'haii  vallry.  atid  i.n  Salr^print;  i-laM.|,  ihi.'k.  i.'i'ntly  northi  a-t 
H.ird  dippinp  l.,-i-,d  .'nn.jlomi'rali's  f.inii  lo»  MioiintaiiiH  with  -tie|. 
.•(.-.'.pieiit  searp-.  -ii.'h  a-  M.uinl  l•rl^.)-I  in  Son'em.-  .jislri.'t,  an.l 
Mount  'r/onhaleiu  in  C.-.ii'han  .li-iri.t.  Siiiee  th.'  honndari.'^  of 
'li.'  Cou-iehan  uronp  tnlhu  .-li.-i'ly  th.>  houn.laries  of  the  j.r.-Chieia! 
h.wlauil.  thi>  haM'  i,.-i  n  l...'ai.ii  u  ith  .'onsidiTahl.'  a.-.-urae^.  •.vith  th,. 
'V'.'Pli.)n  of  th.-  iut.-rh.r  hi-und.irie-  of  the  north. n,  V,,u:.iii.i.  an.! 
-atheru  (.•.:!,io\  l.a-i'i>.  u-hi.-h.  a-  ni.  iitio,,,-,!.  1,.,,,.  l.i-,.,,  i„..difii<.l 
fr-'tii  tiii..si.  di-.n- n  li>   Ki.'hardsi.n. 
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Llthnlo'iiral  '•hnmrtrr'.  -Tho  rook-  of  thi-  rowiclian  ;.'T.-iip 
I'onsist  of  i'oi)ploiii>riiti-.  -;mii-t<iii(-.  iiml  »il)alp-.  the  sanfistone?  prn- 
'loiiiiniitinu-  iiii;r  tin  ■■n.i-i.  ami  the  -li;ili>-  in  thr  interior.  Tlio 
>-hales  (ire  ;iritini-('(piw.  an. I  iiiaiiv  .if  tliini  I'arlicituK'i'nus,  espeeinlly  in 
ihe  loufir  purt  of  llu'  Krijup;  aiul  riml  orciirs  mar  tho  hn'^  of  thf 
Niiiiaiir.i.  fdrmation.     1  )i-ifii\('tlv  calfarfotis  roc!;-  arc  rari'. 

riio  (•oiif;l(iiiit'ratcs  ii-iiall>  .'oii-i-it  of  fairly  wi  11  rouinlfd.  wattr- 
uorn  fraj;nii-iit»  nf  iho  iiinii  rl\  in;:  i'r>-talliMo  iMfk-.  <•(  tin-  vicinity. 
in  a  Miiuly  matrix.  They  ran^:c  fn.n.  very  i'Oiir-t>  basal  I'oiifrlomorates 
to  line  tiraiiicii  )]liasi'».  anil  fr^ni  piia-i'*  in  wliicji  there  i-  very  little 
suatrix.  tn  iho>-<'  in  wliicli  tin-  matrix  i-^  clominnnr.  Tho  I'onirlomer- 
att-  (if  the  farther  inlaii'l  ii'irtioii-^  of  tho  Cowichan  basin  are  i-om- 
nioiily  green  i-oloured,  an.l  consist  almost  cittircly.  both  fragment? 
and  matrix,  of  octrilii-  of  tlic  volcanic  rock^  of  the  Vanconver 
irronp:  which  ilctritn-  has  ai'parently  b(>cn  fonnril  b.v  nicehanica! 
ratlier  than  chemical  ili-inIi>t:ralioii.  More  lanlv.  as  on  thi'  south 
slope  of  ^fonnt  Sicker,  tho  c, in,u'loini>rates  <>on-i-it  of  anKular  tn  ?iih- 
ancnlar  fniRiin'iits,  which  arc  not  clearly  ^tratifie.l. 

'I'he  sandstone-  sue  yelUiwisli  (especially  tin-  iii)per  incirber-  of 
(he  .Vanainio  ba-in)  to  s^rc.v  or  yreyish  (.Teen  in  c,.lonr,  and  many  of 
the  .■^aiiilHtiinc-  of  the  fnwiehan  bii-in  ar.'  dark  i>li\e  jrreen.  (Quartz 
is  the  iiui^t  abundant  eonstituent,  and  oceur-  with  other  mineral  and 
even  small  rock  fratrments.  in  amrnlar  to  siib-anmilar  trains  with  an 
arpilluccoiis  inalrix.  The  other  mineral-  present  are.  in  al>oiit  the 
orde'  of  their  relative  abundance,  feldspar,  chietly  phif^ioi-lase,  mus- 
covite.  biotite.  chlorite,  epidote.  and  more  rtirely  s.rpentinc.  rtiac- 
netite.  and  other  iron  oxicle-.  and  ■•alcitc  llnienile  alteriiifr  *o 
leiicoxeiK'  occur-  in  tin-  .-and"-toiie-  near  liic  L'al'.iro  dieritc  |ii.'ii>h>- 
rite-  of  the  Sicker  series. 

The  sandstones  arc  cetinnotily  ina-sive.  l.ivniiiiir  with  <-.ai{ilonier- 
ates  thick  bedded  strata.  They  srrade  into  arenaecu-  shales  fhroiiprh 
fhin  bedded  shaly  sand-tones,  and  th(  arenaceous  si,a]es  are  \ .  ry 
ivinnnoidy  iiiieriiedded  with  thin  bi-d-  of  sandstoiic-.  a  f<'w  iiahes 
thick,  which  ar'  very  iiiitiieron-.  seldom  inor,-  than  a  foot  or  *w(> 
apart.  Fine  srained.  laminated  sand-toiie-  occur,  but  as  a  rule  the 
orditmry  sandstone.-:  are  (]nite  uniform  in  ciiopo-ition.  and  no  i-oloiir 
lamination  is  -i<n.  Iho  sand-tone-  are  coiiiriionly  concretionary, 
t.he   numerou-  ■••'ncref inns   raniiim;'  froir   an    inch   '■■  scvi-ral   ferr  Ir. 
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fliiirrotor.     Tho   fom-'nt   of   ttic   cnncrctions    i-    fi'mitrinoi) 
.-.'ircoii-;.     Sun  iTai'k>-  mui  ripjilf  iii.irk-  ;ire  r;irilr  sron. 

The  sliiilc-  arc  «'riiuin<iiilv  ihirk.  <.IIve  srnv  or  ■Irab  '-oloiirBd.  -orn 
nil  iniiTr.vcv.pi,.  i.xaiiiinMtiori  to  .•oii-i-t  of  small  anu'iilnr  quartz  (jfraiti.. 
in  a  fin.'  nrfrillnc.oiH  (rroiin(?m;i>.-.i.  whieh  is  brown  from  tho  pre9cnr<> 

of  .arl'oiKi ,ii<  niatt.r.     'I'lv  .•iirli..na.'.'..ii-  inatliT  ofciir-i  in  mi^TO- 

-I'Oiiii".  roiinilcd  .•loiirN.  wliicti  arc  durki  r  near  tti.>  .vntro.  Paloitf  i? 
fre<)ii«'nlly  present,  ioni.tiiiu-  ai  voinlfts.  alfliouirh  rarolv  in  lartro 
anioiuit-i.     Afit-^covifp  ociMir-  in  «riiall  iiuntititiiM. 

Thi'  -Iial.-  Iiavr  V.  ry  v.ldoMi  a  well  .levi'lopi^d  -lialy  partintr.  I.nt 
ar>'  rrlativfly  •jias^iv.-:  aitiioiiL'li  tlie  tiiicr  prainc(l,  less  arf>nac^•ou^ 
rtii.  .1-   u.aili.T  into  Miial!   flak.»-.     Tli.-  -Iialr*,   far  inoro  <'ommonly. 

w<'«thei nccntrically:    and  whcr.'  .-alfitf  is  fairly  al.inulant  in  thf> 

-ronmliiiav-.  rapidly,  to  a  liprht  hroun  rlay.  Sand-toni;  .•on<TPtion« 
an'  vory  niiniiTons  and  in  the  tin.-  ^i-aiiicl  -lial.'-.  a.-.-opiatrd  uilli 
til.'  .'oal.  small  rnun.iod  calcamon-  coii.'roti.pn-'  also  occur. 

In  the  suinll  liasin  of  the  npp.r  poi-ti.)n  of  Knka-ilali  riv.'r.  a^-..• 
c'iat.vl  with  an  ar«:il!ae<'ous  sand-toiii-,  U  a  ,iark  coloiufd.  almo-t 
lilack.  Iioinofiencon.s  rock,  whi.-li  .on'^ivl..  of  fine,  roun'l.d  calcit.-  or 
liiiu'stoni^  u-i'iiins  in  a  i'arli..nac.(in>-  and  arLnllai'O.ui-  irialrix.  Other 
.•ak'an  on,    r.Mk-,,    which    are.    liouev.r.    highly    fo-silifpron-.    o.-.-ur 

"•''>'■  •'"'  '"I f  the  N'anain'o  f..r!nati.in.  in  the  noirh.Tn  part  of  the 

Xanaimo  hasin.' 

Mrhiitwrphuin.  -Wu  rock-  are  n..t  .-.'mni.  oly  inetaiiiM,-ph..M>d, 
a]tho!i!,'li  they  have  Keen  .xteiisiv.  ly  f.ild.  d.  .V-  di-.-rihcj  under 
'^ickir  series,  alonf?  tlie  ('hetnaiiins  river  s.nith  of  Mount  .Sicker,  un- 
motamorphosed  nhul.-  jrrade  northward  into  tli,'  iii.tinriorph.-id 
rook.s  of  the  Sicker  seri.s.  .M  Cowiciian  lake,  th.'  -toeply  di).plnt' 
ro.-ks  alone;  the  noril.Tn  -i.l.'  of  the  ha-in  are  -omeuhat  metamor- 
"ho-e<l.  and  are  -liear.'d  to  soni.-  .'xlont.  .md  .-nt  hy  .piart/  veinh-t-. 

"Structural  rrlalio},.-:  Ihleinal.  The  r.ick-  of  tli.-  lowirhan 
:;ronp  have  hcen  f..Id..l  and  lanlt.'d  rath.r  .-stiiiMvelv,  and  the 
l.rcM  nt  hasins  in  wln'.-h  the  rock-  o.^eur  ai-.'  in  --enernl  synclinal, 
with  minor  fohls.  and  sonirtina-  boundary  faults.  The  ■•nrrelation 
of  sintrlp  horizons  in  tlir-  Couielnin  jrronp  over  u  idc  areas  i-  at 
present  impossible,  and  .-xact  corr.'lation-  rr-ay  be  inipossible  even  on 

'  Janiw   irifliai-.l-.,ii.     |;..pt.  of   I'rogrc«.«.  18T6.:9.     <ipol    Survpy.  r.mada, 
p.  iiiJ. 


dftaileil  work  on  ii.Tniint  of  tlic  uppurent  \\iT\tr  vcrii.'nl  <ii-tribution 
nf  iilciiticiil  fo-.-il".  iiiiij  the  rapi'l  variation  in  tlic  liUiiilig!'.aI  cbar- 
actor-!  of  tlie  \»ih  in  both  vprtioul  and  laU-ral  dirtotinn-.  The  pr>-«>ui 
investinatioli  lia-  al-u  boeii  I'ontiiii'd  larsrely  to  the  ('inviohan  ba>in, 
«<i  that  :i  di-i'ii--inn  of  tlip  >-tr;ititrr;ii>li.v  \<  iii'i-c-^ar'i.v  very  incotii 
pift.'. 

Slra'i'ir'iiii'iii.-     III.'  riicU-   oi    ihc   Comox   and    Njti  liiiui  basin-, 

whioli  arc  all.  a-  tar  a-  knoun.  mi-uiImti  of  thf  Na'i:iiino  or  biBrhfi 

f..>rrnuti'in-.    liaw     I" ''ii  -ulidiv  id.-d    l>v    rticluird-oii'    .  i.    litliolnffi'-d 
aTMurid.-.  iw  follow- : 

(^'.■iri'is    l'.;i-in 

» i.    Iiiii.  !•  .•..iiiil.^uii-rat. :'.-Jii  f>cl. 

V.    I   pp.  T    -liiib  - •  i'"' 

K.  Middi.-   .-I...i-..r:u.- l.HX)  •• 

l>.  Middle  -lial.-- 7'"'  •■ 

('.  I.(.xM>r  .■.-.iii.'lo  II.  r:.i.- '•"■«>  '■ 

I!.  r..,w<T  dial- \.'W>  '• 

A.  Pr...ln<.|  i\.-    (  ..:  I    Me.i-nri- T:'.'.'  ■" 

T.  i.d !.!':•.'   •• 

N'aiiaiinii    lla-^iti 

('•   t.i   ('.  "^and-i."u'-.   .•.I  i:'..iu.-ra'c-.   i.nd 

-liiile- :i.-".'0  fe.'t. 

U.  Shal.- '"'fi^'     •• 

A.   l'r...hi<'ti\-.'   To^il    \l..:-nr,- l.:;W     '• 

T'ital r..-2i;C,     •■ 

'\'hv  ('(pwichan  l.:i-!n  iMim.'l  al  |iri-i'nt  lie  -ubdividcl  Hlholofi. 
Ciillv  inii.  m-neral  .livl-ion-,  a-  it  ciin-i-tK  <'f  rapidly  altcmatinfr  b^d- 
of  (•(.nj;lr.tni'rat<->.  -:ind-l<.iii-,  ami  -liab-  uliicli,  ns  mentioned,  urad.' 
laterally  a>  well  a-.  MTlirally  into  bed-  <d'  different  testure.  the  indi 
vi.lual  bed-  beint:.  tlicret'ore.  len.^dike  iii  '^luipi':  and  it  al-e  e.intaia- 
at  ieii-t  two  iiiieoiiforti  able  formations  which  have  r.nl  a-  yet  bfvn 
di-tiii^ui-hed.    The  Viwer  fornuition  where  n  (•oi;!ii>^ed  .-(.ii-i-t-  ehieflv 

Jami'-   Kirlmra-oii.     i:.-p' .  <.l"   I'roi^re-,-.   IS'tt-T:.  Owl.  .-^iirvov.  r,„i.i-, 
p.   IB-i.   p.   Ki',   .ill. I   [..  1%. 
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ui  -hales  iiikI  >undstones.  [ii  tlii!  upper  formation,  which  is  largely 
nv  ijiitirely  part  of  the  Xnnainio  formation,  there  is  a  tendency  for 
ihp  rocks  to  grow  finer  grained  iipwanls,  and  the  basal  conglomerato 
ij.  in  places,  very  thick.  Xo  estimate  as  to  the  thickncsa  of  tlie 
low.r  formation  can  be  made,  but  the  upper  formation  is  at  least 
'l/>00  feet  thick.  The  NunHJmo  basin  ir*  more  extensive  than 
wus  thought  by  Richardson,  und  tlio  thickness  of  the  .sedimmts  of 
the  Nanaimo  basin  ia  probably  near  10,000  foot. 

I'ohJimj  and  faulting.— Comox  hasin.—Th<-  folding  and  faulting 
..f  flip  rocks  of  the  Cowidian  croup  is  best  taken  up  by  discussing 
ill.  various  basins  individually.  The  Oomox  basin  is  mapped  by 
Richardson'  as  n  simple  open  syncline,  with  a  few  minor  rol.- 
l.''tween  Vancouver  island  and  Texada  islnn.l.  The  southwest  tlank 
if  the  bynclinc  rests  on  Vancouver  i.-land.  and  fornix  virtually  a 
-iinple  monocliiio.  dipping  t  the  northeast  at  relatively  small  anules. 
I  Inly  the  southern  part  of  this  basin  is  shown  on  the  map  acoin- 
:.. living  this  report.  Hicljurdson'  records  only  one  fa\ih.  a  strike 
:':  ilt,  in  the  Comox  basin. 

\a)iaimo  haain.—  i  he  noriiioni  part  of  the  Xiinaiiijo  ba-in  i; 
.  ..I'jied  by  Richardson'  as  a  simple  open  syncline,  with  ;.  iiTtii  v,.,i- 
-.  atheast  strike,  the  axis  of  which  occurs  on  Oobriol.i  island.  Imr 
:..rtlHr  to  the  southeast  occurs  under  the  Strait  of  Oeorgiu  .-Strike 
:uid  rlip  faults  of  Small  displnrcinont  are  known  to  occur. 

In   the  .-oiitlieni   part  of  the   Xanaimo  basin   thpre  are  dc<.-] 

'U,  some  of  which  arc  overturned  to  the  .'southwest;   and  it  is  pro:  - 

.ii!<'  that  there  are  a  few  strike  faults  of  considerable  displacement 

T! .    lower    members    of    the    Xanaimo    ! 


mo  basin,  near  the  southern 
■  iiidary.  eunform  more  ,,r  le-'  closely  with  the  uneven  surface  upor 
■lii.h  ihey  were  liiiil  down,  and  have  in  Rcnernl  dips  of  about  30' 
i.iay  from  th<^  basal  contact. 


f'owirl,  ■,.     . — The  apparent  structure  of  the  eastern  part  of 

:      ('owicl   ■'  *>nsj;    is  shown   in  fifriire  2;    which  represents  a  dia- 
rainmatic   s  cti.       across    the    Cowichan    basin    in    the    vicinity    of 

M.imcs  RicliardMn.     Kciit.  of  l'ro(?ross,  1876-77.     Uwl.  Survey.  Cana'hi 
IliO-192. 
I.nnics  Kirhar.l^on,    Rppt.  of  Pr 
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rogro-s.  1872-73.     Owl.   Survpy,  Can.el.i. 
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-jps  [{ichardson.  Kept,  of  Projjicsv,   iS7f>-77       (iwl.  Surv.>y.  Ciuiai.i. 
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Cowi.luu.  i.n.l  Miipl."  bay*.  The  -tni.lure  \*.  l.riefly.  u  ^louthern 
elo«(-folded  syiirline.  with  >.  -trikc  ..f  N  7<>^  W.  wlii-h  i«  fli«htlv 
nvertiiriK'.!  to  the  soiithw.«t.  with  tlic  northern  liiiih  hrok.Mi  by  oi- 
ovorthru-t  fiuilt.  wlii.h  l.rinns  up  thr  mi.l.-rlyinjr  Si.-k.T  *fri.- 
UKain-i  tin'  fd.led  rn.'k-  ..f  thr  N'lumini..  fi.rumtion.  The  Sick,  r 
^eri.'^  an-  overlain  by  ihr  \nm\\  uifinlur-  ><f  the  Xiniuiiiio  fonnation 
vvhi.-li  form  th.'  southern  limb  of  iinotbcr  p^iralh'l  -yrK-lint-,  whicli 
iii-o  i<  l.n.k.ii  by  nn  .rv.Ttlini-t  fiiiill  -  the  norlb.Tii  b..im.hiry  "f  tli. 

bii^in. 

Tin-    .■vi.l.ii.T     upon     whith     tin-    -triM'turo    i-    lu-^c.l    is    f.iirl.x 
.oinpletp.     From  the  southern  contiu't,  which  at  the  nortliprn  i-nd  oi 
.Saunich  pcniiiMibi  is  .-omplii-attMl  by  -uuUler  infol.ls  to  the  south  an.l 
by  some  faultintf,  tlu-  rock-  of  the  -outhcrii  syn.-linc  may  be  traoe.l 
northwar.1  with  increasinw;  northwur.l  dip,  which,  in  the  central  pan 
of    the    -uppn-c(l    syiieline.    be<'ome-    iieiirly    verti<'i\l.      On    so\ithert: 
SaltspriuK  i-hind  the  beds  wliieh  iire  e.xpo-ed  dip  to  the  north  a(tain-t 
the   Sicker  series,   but   arc   apparently   iinain   the  lower  be<ls  of  tli- 
=yneline.  *in.e  they  contain  eontrlomernte-  with  course,  ati^ulnr  frat: 
mcnts  of  the  underlying  roeks  of  the  Sicker  series.     To  the  west.  ul 
the  head   of  Cowiehan   bay.   similar   sediments   are  expo-ed.   who- 
attitude  is  undetermined,  north  of  which  occur-  the  Sicker  seric- 
o.\posed    on   the    aouth    sloiu-    of    .Mount    Tzonhalem.      Mount    Tzou 
halem  is  cappeil  with  basal  conRlonierates  of  the  Nanaimo  formation 
restinjt  unconformably  on  the  Sick«'r  series.    The  confflomeratcs  ha\. 
a  northerly  dip,  which  increases  to  th."  northward,  the  conRlomeratr- 
(TradinK  upward  into  predominating  sandstones,  which  in  turn  pradi' 
upward    into   predominating   shales.      Near   the   northwest   shore  ot 
.Maple  bay,  where  they   have  a   dip  of  about   70"   to   the   north.  \h<- 
shales  are  terminated  abruptly  by  the  uiul(>rlyinR  Sicker  series. 

The  southern  -yndine  e.xten.ls  west  to  Cowiehan  lake,  appar- 
ently preserving  its  -trMcture.  for  at  Cowiehan  lake  a  similar  faultcl 
^ynclin<•  i-  ob-erved.  althoujih  the  upthrown  southern  limb  of  tli.- 
northern  syncline  i-  absent.  Con!.domerate>  and  sandsKmes  occur 
along  the  senthern  contact,  unconformable  upon  the  Vancouver  vnl- 
canics,  uUh.niKh  alonn  the  actual  contact  some  faulting  has  tak(  n 
l)lace.  Ti;e  conglomerates  and  sandstones  have  dips  of  about  40°  t" 
the  north.  The  dips  in(Teasc  northward,  and  along  the  northcri. 
contact  with  Vancouver  vol<'ani<-  are  shales  with  nearly  verticiil 
dips.    The  coiiMct  is.  therefore,  a  faidt.  pn.liably  an  overthrust  f;nilt. 
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with  the  upthrow  side  u,  the  iinrtli.  On  tlic  hi^h  riiltfi'  i'iiiii|iii»f(l  uf' 
ilic  volciuiit'  ri)(k>.  ii^rlh  of  the  cn-t  iml  of  ih..  liikf,  :irp  rciiiiuiiif 
puti'hc*  of  tlif  iiM'oiiforiiiiilih>  roiiyloiiiirnli-,  ,it  i'liviilion>  of  l,(KMt  to 
l,.".(Ht  foot  iibovo  ilif  hikf.  Tho  Iniilt,  uliiili  fi,rm>  the  iiorthorii 
lioiiliilar.v  of  tile  -yiiiliiK-  ill  the  <-ii<l(>rii  piirt  of  tho  li;iniii,  hiix  not 
bwn  trMct'il  arro-s  ilie  low.  chift-<-oviro.|  iinn  fo  thi-  iioi-ilnvc<»t  of 
("owichiiii  liiiv  ill  (^iiiiniifiiiiii.  Siilithiiii.  Soiiumo..  aii>l  Soviiioiir  di-- 
iricts.  hill  prf-iiiiial)l.v  it  doo^  .-xtcii.!  uiro>.  fho  low  urea  to  join  with 
the  fault  (l('^<■rillf•ll  ah  >m.  a-  oriMirriiiL'-  in  thf  iippor  part  of  Cowichaii 
valley. 
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2.~I)iagininmatii'  ^tnutiir.'  «•.  tion  ,,f  H a«t.m  ix.rtion  of  tli^  f'owicliaii  lia.in. 

Thf  north  iMiiiudarv  fault  of  the  Cowichaii  Im-in.  which  inter 
iiipts  the  northern  .,\ iiclin...  nia.v  lie  traeed  we>tward  from  Maple  hav 
11. TOSS  ConiaiUen  district  for  alioiit  4  miles.  Then  in  Somemis  and 
Sevraour  districts  there  are  vertically  dippinjr  shales  and  thin  heiN 
of  sandstones  which  are  appareiitlv  transitional  into  the  Sieker  series. 
lint  definitely  transitional  in  iiart.  ns  alonjr  the  Chemaimis  river 
south  of  Mount  Sicker.'  The«e  vertically  dippintr  shnh's  are  over- 
lain on  Mount  I'revoM  In  iMincloiucrates  which  have  a  northward 
dip  of  oiil.v  :5(r.  similar  to  those  of  Mount  Tzouhaleiu.  The  contact 
I'ctween  the  shale-  and  the  conglomerate-  is  not  e.xposed,  hut  may  be 
lofated  within  KM)  or  i>0(>  feet,  and  both  horizons  preserve  their 
chiiraeteristie  attitude  as  far  as  seen  and  «!iow  no  evidence  of  over- 
Hinist  faulting  which  miRht  explain  the  structural  relations.  Since 
the  shales   in   the  one   instance  are   transitional    into  known    older 
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rocks,  it  in  virtually  assured  that  the  conglnmerutt"  are  unconform- 
Me  on  the  lower  shfllcn.  The  lower  shale",  as  8tnte<l,  cntmot  b« 
»ligtii\Kui»h(«d  litholojrically  from  tho  shale*  of  the  Nnnaiino  forma- 
tiiin,  and  since  the  utruoturo  ha^  not  yrt  bpfn  worked  out  in  the  low 
»lrift-covere<l  region  to  the  northwest  of  Cowichnn  bay,  the  two 
formation*  cannot  Ite  mapped  separately  at  present.  The  middle 
part  of  the  Chcmainus  valley  U  underlain  by  nediments  npparentlv 
of  the  Naiiaimo  formation,  which  have  a  dip  of  about  30"  to  the 
north  and  which  form  a  part  of  tho  aouthern  limb  of  the  northern 
^vricline  of  the  Cowichan  basin.  Evidences  of  an  unconf 'rmit.v 
between  tlieno  greatly  dipping  sediments  and  the  -teepiy  dippinp 
lower  shalea  of  the  Cowiehan  group,  hava  been  noted. 

Besides  the  two  major  folds,  minor  folds  occur  and,  doubtles.^, 
there  HTf  nlso  many  smaller  fnults,  most  of  them  probably  strike  and 
thrust  ffulli". 

Minor  InisinK.-'X  si.udl  basin  occurs  in  the  >ippcr  part  of  th. 
Chenininus  valley,  and  it  seems  as  if  it  was  originally  a  part  rf  tli 
.southern  limb  of  tli  ■  northern  syneline  of  the  Cowichan  basin,  on.-o 
•iontinuous  with  the  eintorly  portions,  l>iit  now  separated  by  erosion. 

A  siniiliir  area  occur-  in  the  upper  part  of  the  Kokaailah  vnlloy: 
l>ut  in  this  instance  all  other  evidence  of  a  large  downfold  to  tli.' 
-outh  of  Cowichan  valley  lins  been  removed  by  erosion. 

The  Alberui  ba.>*in  has  not  l)een  exHUiineil,  execi)t  along  ll  on- 
tMi  ts  with  the  underlying  erystnlline  rocks.  The  dips  are  low,  alioiit 
10'.  and  awny  from  tlie  eontncts,  so  tluit  it  appears  «»  if  tlie  bn-ii 
were  an  open  syiieline. 

Exlernal. — Hilnlioii  to  older  lormntiois. — Tiio  lowest  horizon  -if 
till'  ('..wiehun  group  i<  upparonily  ('i,iiformal)lc  witli  the  SiekiT  -eriii 
and  iiiiother  horizon  "f  tliu  Cowichan  group  appear-  to  lie  iii'.c.!!- 
foriLiililc  np^ri  it.  The  ovi'rI>  iii;r  horizon,  the  congloinerule-  ■•: 
.Mount  Prevost,  is  similar  to  tho  lower  horizons  of  the  XiinaiiuD 
formation,  which  foruintion,  with  eonfornuible  overlying  forn  iitimi- 
juake^  up  the  larger  part  of  ilu-  Cowichan  group.  Tho  Nauiiiiini 
formation  is  cli'MJy  iiucont'onnahle  upon  tho  roek-<  of  the  Viiin'o.ivir 
group  ami  upon  ilie  igmuus  rocks  of  the  batholiti.ic  and  dyke  intru- 
sion-, since  tlie  base  is  irarked  by  coarse  bas.nl  conglomerates. 

The  Nanaiuio  formation  was  deposited  on  a  subdued  erosirin 
surface,  which,  however,  was  one  of  considerable  relief.     Snuit!  iiT'- 
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uuluritiei  lire  dirpcily  ohncrvetl  iii  iome  inRtances  in  tlio  expo^cil 
■lioonformity,  at  on  Mount  Tzouhalt-ni  and  on  TonKue  point  it» 
N'anoosc  district.'  It  is  aUo  found  that  the  contucta  of  the  Nannimo 
foriiiufion  with  th«  underlying  roeicii.  where  not  dintiirbed  by  inteii=i> 
t'ohling  and  fiiultintr,  follow  tlio  contoufb  of  tiie  present  eiovatiun* 
\ery  olo»el.v  in  a  manner  otlierwixc  unexplainublo  except  by  far  moro 
irrcgulav  iitid  '■oiiipjex  folding  than  ig  elsewhere  observed.  Tlio  host 
''xaniple  of  such  a  coniii''t  occurs  went  of  Crofton.  around  the 
northern  slopes  of  ^fount  Richards  and  Mount  Sicker,  ami  ii  ^Ilowll 
in  figure  ;i.  It  U  also  found  fsliown  diagrainniatically  in  fJnure  3), 
iliiit  the  ~<ciinientn  occur  in  bays  in  the  softer  underlying  rockg,  while 


Ki'.   ;i.     I  '•■iitact  of  .Nanaiiiiii  fi.riiiatlnii  witli  mii|>rlyiiiK.Sicl("'r  Herii  ■*,  wi-hx  ..f  t'li.ti.m 
< ',,111*01  map|K-d  liy  .1.  .\.    Vllan.      ( ;.-..li)jy  "f  .Sickt-r  w  lieH,  (liii({ii"iiiiiati( . 

til''  iiarder  rocks  i  vidinlly  fornieil  nioiindn<«'kj  an  they  ii<i  mi  prcvvnt. 
The  basal  sediments  near  the  old  mona<lnocks  are  coarser  grained. 
•he  frapniients  are  n>ore  angular,  and  tlie  inntrix  ih  well  ai^  the  frai:- 
:i  ent--  are  composed  of  undecompose<l  and  un=orted  detritus  of  the 
ai;.!erlying  rocks.  The  amount  of  relief  in  the  unconformiible 
='irfnce  is,  at  present,  doubtful;  but  to  judge  from  the  contnfts 
around  Jfount  Sicker,  the  maximum  relief  may  have  bten  r.s  much 
a^  l.(KM)  feet. 

Mode  of  origin. — The  Nanaimo  formation,  shown  by  its  fauna, 
:■<  in  large  part  of  marine  origin';   and  since  it  was  deposited  or  a 

'James  Richardson.    Rept.  of  Progriv^s,  1876-77.    Geol.  Survey,  Canada, 

''•  '''• 

■1.    K.   Whitcavos.     Mps'i?<iic   Fossils,    Vol.    I.     Qeol.   Survev,   Canada. 
Put  V,  1903,  p.  312. 
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-Ill  liHT  I  I'ln  .|.i"Tiil>l'  r'lir'  mil  u'mIit  vmi-iiit  n'liiUti'M.^,  «lii'wti 
I'v   till'  rn|.ii|  liitii.il  nil. I  \.rtu    i  ur-iiliithiii  nf  Idc  ■<'i)itiii'iii      i-  |Tr<ili 

.ilil>  <>(  i«iii.iriii(   ..riniii.     It  iil-i iliiiii-  hiiiil  I'hmlp  mi-l  iv.iil,  "liiili 

uri'  iiio't  |ir>l(iilil;.     f  I'r-'-ii  vMitir  iu"<'iimiil«tiiiii       •  tliiit       iitliti<'ii-  ol 

liril.  j»i-li  .1)  ll'i-i  aittiT  ,clti  riijitril  «|ili  iiiilrilK'  C'llilllii.iH.  Till' 
iipiMT  piirl  III'  tin  S'liii.ii,,  (•■riiuitiiiii  r  tin-  <'>nfi>riiuilil.v  uvrrlyiiii: 
iii.ti/iiii«  luiifiiiii  It  A-  or  !!•  iiiiiriiii'  'irBiui'iii',  tlir  niilv  l'"w>»il<  hi-iiiL' 
II  Ji«  iili,i  iir>'  |i|,iii:-.  .11  I  hill  it  i-  |H).i.il>|i'  tliiit  Mirvinjf  riiarinc  n'lil 
ti'rr.-triiil  .  ..iiditinii.  ri...r'l«-l  in  tin-  I  wor  part  nf  tlir  XaiiiiiiiM 
fiiriiiiitii'i     \n-ri'    tinn'n  1. ''pil    nitiri'iv    hv    li  rri  -trinl    ■■oiiditiun-. 

Till'    litli..!ii«i.Ml    ilmr.i.r     if   tl'"'   ■••■•liiiicMi-.    iln'    •iMiiUintiei'   liciiiu 
CI..     ,...('(1    i<\i    .ingnlur    I"    -iili-iiiiiriiliir    I'rtiiriiH'titi.    anil    .i    iurui'    [n'l 
'•Hiitatfi'  III'  t'a«ih     Iri'iiii  iiii«.i|  i.ii'.ii.riil-  -m-h  a-.  IVUl-pnr,  iiulii-ati'-  ,i 
\i'r,v    r  ipiil    ii.'cii.  i.l.ilinii    i.Tiil    .|..p.i-il  i..n    in    rriiilivclv    >iiiiill    Im-iii- 
hIkT"  tlif  ilt'iiitii-   w  ,     II  .t  .iiipji'it   t.i    .'vcr*'  v»inc  artii.n. 

The    I'l.ii.liM  ..       III.'   f   u    jrli    I  ,      III,    r    lifil-    iif    thi.    Ciiwicli;!'! 
uriiiip  ui'rr  lii  Ill-it.'. I    r-i         p     -i  iii  i  nkiiiwn 

.1/1    .,,.,/  171/1  .,  'I'Ik    KniiWii    Id-'-iiilVrfUi-   iiorizmi-   .it    tjj. 

(  .iwifliiiu  ^riMip.   mI.Ii         liiii-      !..    i..iir  l.iwi'v   •ul'iUvi-iiiii»  uf  il;. 
Ciiiiiiix  lia«iii  iiiiil  till    I',.,  liiv  1  r  -uli(livi>.iii:i-  of  the  Xanaiiiio  Imsin 
a<  -•uti'lividc'l   li.v   Ulrliinl-.  n,    I  a\i    Ih-cii  jf  inai  nl  t<>tfif  luT  hy  (h   M 
Kiiwxiu     aiiii   ili-iciiatcd   tin-    Vaiiaiiiin  ^roiip.      Ittit    ^ilii'i-   thv   fllii 
i-  idi'iilical   tiir..M;;li.>i!t.   til.        rara  an'  ln-t  I'liiwidiTod   a-  !><  I'  ilumi^' 
to  olio  foriiiatioii,  llif  Xaiuiiini.  f..niiiilii.ii.      Tlii-  f.irtiintii.ii  ■■   .•(•; 
latcd  with  the  ("hio..  ..f  tlii'  <  "alifoniia  Cn  ta<i».u-.  and  appr      ii> 
"itli   tlif    I'ii  rii    ..f   lia'  » If.  al    I'iaiii-. 

Till'    upper    ll.lri/oll■^   ..t    the   ea-tiTi:    part    of   the   ("iiw. 
eoiitain  a  fauna  ideiilieal  with  thai   •>(  the  Xaniini.i  fornu..... 
follinviiiif  fri— ii,  June  heeii   ideiititii'il  : - 

TeVina  <\>. —  N'orlh  shore.  Saaiiieli  peiiiM>ula. 

Tiinmila.  ef.  iidiisriiKi.  .Meek — Miii'e>l>,v  inland. 

Triiiouiit  iifiDiiidini.  (ial)l)-M..iiiit  'rzouhalem. 

Ariiifii   rralihii,  (luhh — Head  of  Cowiehaii  hav. 

InorrramHs  safii-iisis,  <)\v 'ii- -Pier-  island. 

Inod'Kiiiiits  ff.  Imruliiiii — Pii-r^  i-land  and  le.rth  shore  of  Saaiil.  ii 
poiiiiisulti. 

'  Hvf  page  128. 

'G.     M.     Da>v-on.   The   Xiinaiisie   (Jmun.      A:'.-..    Jeiiri'..    Sri.   .tr:!   ^-'•rli•r. 
Vol.  39,   1890,  pp.   180.183. 
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I  lii>  iiri',  jlwri'lori  .  >l<'t-Mi''  ii'iHT  t  'tin  ••<iii-  .()  Mui  ui'l  .iri 
II  i'IuImt-  111    tin'   \,in.iiiuii  |.  nii.i'-  ifi, 

Tile    liiwiT    linriziiii-.    Ill    '  iit     eii-t»-rii    « 'mi  n-luiii    '    i-iii    ji-.  iiii<  <>ii 

l^rilMlih    liclmv    llic    Nnliiiiiiii>   I'm  jiiiiti.ni  ;!!    I     i  fi'  :i  Slim  Tfllt  I  \  iit'.riii 

,il.|,  with  'hi'  "^ii'kiT  -  fi.'  Tlir.  HIT.  llirrc!,.ri'.  |ir.-iiii  .il.ly  ..t 
I  riii"ii'  "I'  iiiiin-  |pr"l>iililv  .liir.i--i.-  mkc 

It       lui-      IllM'll       -||}i_T-t("!       tllll'        till         llli.ri'il'  .l^ill-       lit'       \'    111!   i.U'   IT 

-liiml.  llir  wi-l-rii  part  .1    l  h.-  ( '.  u  n-i    n,  lui-iii  ami  tli.     All.t'iiii  Im-iii. 

ri'   ill-"    uiii-iiii!i.riimM\    l.f|i,u    il,,-    Naiuijin.,    tnniiMiii'ii.   .ui'l    it'   mi. 
-iin    till,   rt-t  I'l.i'i  iiC.rin  li'U    upiiii  tli<    \'.iii.-.,ii\ir  ur.  ii|i     ii<ll>!ithii 
!  tliii     ii.rrii-iv(  V    -Iiimi|.|    |.     ',.•  ■  ,-r   < 'ri'tm  rmi        r   ( '..ii  iiiifl.r    m    iijfp. 

Till'  rtii-i'ii  l(ir  liii-  ,ii>.'u,-.(  ,|i  II  -  i  ,  ,1  till  .i|i|..  .iniiirr  nl  urt'att-r 
iiiHlniit.>r|>lii-tii  .('  llip  ri"k-.  hihI  li:  irtiml  iil.-pii.-,-.  a-  lar  .1-  kiinuii. 
d  roiil.  ili-wiivir.  the  n.rk-  .it  tU.'  .v,wtfi-  [i.irt  ..f  tin-  ('uwicliiiii 
liujiii  it'iiH-iir  I"  III  I'oiitiiiiMu-  aiiil  iii,,riiiiil.;.'  wiiji  tin  ii||.i  r 
Imri/oii-.  lit  till'  iii'.'-ti'ni  inirl,  uliii.i,  ii.  -Imwii  almM  air  imiiil  I'l-  nl' 
tli.-     Nmiuuki..     I'l.rii II.       Iiii:     -iti.iii-    of    ,-,,al    arr    t'lHiiHl    in    tin 

xIImi'iii  l.ii-iii  mill  til,  riirk«  arc  '  ui  :ti.v  ili-tiirln'il  ..r  tm n  mcfa 
11  oriiliiiM'.!  tliMti  thr  i-iM'k-  ol'  thr  t  ,.|ii...v  iiiiij   Niiiiuiiiii.  ha-in-.     'i  l,e\ 

iri'.  tlierct'iirc.  Ii<>-t  1  urrclai-l  pnn  I'idiiHlly,  \«itli  tin  Xntmiiim 
turiiiiifinii  ui   at   Ifa   I  riiii-iijin  .1  ,.-   ii|i|>(r  ( 'ritaiciai^  in  aRi". 

Till'  iippcr  lii.ri/  .11^  iif  fill-  1  1.(11. A  and  .Naiiuini..  Im-in-  ai.'  .-.in 
t.irmalilt'  «itli  th,  Xiii.aitia.  t'l.riimti.iii  l.ut  iir.'  \irlinillv  ,iiil, -sil- 
iliri'iii-.  It  luis  Ui  1.  -uwp'st.'.l  l'\  Daw-..*:'  tl.at  'lif-i'  u|i|ior  linrizmi- 
Miav  1)1-  .(irrf-lati'il  uitli  tlir  K.'ii't.-.  I'liiu'.'t  fnrnuif Lm  ..t'  Wn-hitii.' 
t.iir  and  the  iniiiilan.l  ..f  Rrifi-li  ('..liiirhia  m  th.'  viciniiv  .,f  tin 
Kra-or  Kiver  .|.i;„  '  It  -  |,r,.l.al.l.-.  li.iw.-vcr.  that  tlic  mi'l;-  nf  the 
Naiiaiinii  t'oniiaf i..ii  were  l..|<ii'.i  diiriiia:  tli.'  I.araiiii.l.  rcvoliitinii.  nt 
ilu-  I'l.i-.'  .>f  th.'  iipiicr  Crctaci'iiii-.  -in.-.-  at  l.a-i  tli.'  |..w.-r  iii.-Mil..'r» 
apparciitl.v   hav.'  hcii  i.il.lcd  1..  a  yrciilir  .-xti'iii   lliaii  tl.c  ru.-k-  ..I  thi' 

I'liKPt    Inniiatii..:       Tlii«   .  .,i,.'hi.i.,i,    .       .ipp,,ri..l   l.v   tl .'.'urron.-.' 

•I'  a   wiili'sprcaii    iin.'m  l.'riiiit\    l.rtwii'n   th.'    K.i.-.n,    ami    i!ii'   ("rofa- 

11-  "II  '!"•   I'iii-ilii-  I'li.i-i  .'I'   NiTth   Am.  iii'a.'    I:,!,  a-  Arm. Id   pniiii^ 

■  lilt,    thi     uiii-..mfi>rinif.v   Letwin-n    tin     K.r,'i.|ir   ami    ('r.'taii'ini-    i,   m,t 

'<;.    M.   I)awM»ii.     Am.   .loiirii.    Sri.  .'i:.!    -.  1       V..I,    :w,    \h%>,   .,,,     IWMs'l- 
iiid  Hull.  (iwi;.  Sot.  Am..  Vol.  12.  1901.   p.  :^  i 

•  Pailcv   Wdlis.  T«..>tnu   Kolio,   No.   VI.   r.S.  (mi.i.   .Smvi'v,   iv.tit. 

'  O.  K.   r,.  Hov.     Publication  Xo.  9!tH     (".col.  Siirviy.    (   uiail...   jip.  i':l-.'i 

'Ralph    Arn.ii.l.  Tl  itiai>    f.iaii,is  ,,1   tin.  I'ncili.    ('...i-i.    .lomn    of  Oii.l 
V..I.    17,    1909,  p.   ,J12. 
Lo<'.  cit. 
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always  angular,  and  with  one  exception,  at  San  Diego,  Califomin, 
the  Eocene  be<ls  rest  upon  the  Cliicn,  which  is  equivalent  to  tlio 
Nanaimo,  without  an  angular  unconformity.  He  also  states  that  ;is 
far  as  the  slratigraphic  evidence  goes,  the  two  formations  repre-iiit 
an  appart  ntly  uninterrupted  period  of  sedimentation.  It  is,  th>'ro- 
fore,  from  analogy  perhaps  possible,  as  far  as  the  geological  hist"ry 
of  the  Pacific  (^ast  region  is  known,  for  the  uppermost  member-  of 
the  rocks  mapped  ns  b<'lon<:inK  to  the  Cowielian  group,  npparent'v 
conforniablp  with  tbo  Nnniiiino  forinnfion,  to  be  Kcpiip  in  age. 


(All  MAN  All    AND    SOOKE    I'nllMATIONS. 

Fringing  the  west  coast  of  Vancouver  is' and  is  a  group  •; 
marine  sediments  of  Tertiary  age.  This  group  has  l)een  subdividc.i 
by  Merriiim'  on  pala>ontologioal  evidence  into  the  Carmanali  au'i 
Sooke  formations.  The  two  formations  cannot  be  subdivided  on 
lithological  or  structural  evidence,  and  as  the  fossils  collected  by  the 
writer  have  not  yet  been  determined,  the  two  formations  are  mapin'! 
and  described  as  one  in  this  report. 

Distrihufion. — The  Tertiiiry  sediments  oecur  in  small,  isol  ti  ■! 
basins,  which  fringe  the  west  coast,  between  Pachena  bay  to  ^hf 
northwest  and  Becher  bay  to  the  southeast.  They  underlie  relat  v.  i^ 
low,  flat  areas,  150  to  200  feet  above  the  present  sea-level.  The  Ini-ir-r 
basins  e.xtend  for  several  miles  parallel  to  the  coast,  but  rarely  extei'l 
inland  for  much  over  a  mile.  Besides  the  larger  basins,  there  ;!!■ 
frreat  number  of  very  small  basin's,  a  few  of  which  are  shown  on  t!  •> 
map.  which  occur  between  promontories  of  the  tmderlyiug  crystalli  • 
rocks. 

The  sediments  are  fairly   vvcU  exposed   iiloii;;   the   ■'bore,  wl  •  r. 
they  usually  form  a  young  cliff  100  to  150  fot^  high.     The  larj. ' 
basins  are  partially  covered  with  stratified  drift,  exposed  at  the  sb n- • 
in  steep,  wave-cut  cliffs,  except  where  eroded  to  tlie  present  sea-lev 
by  tlii^  birder  streams,  where  coarse  boulder  beaches  occur.    The  ^e ' 
nients,  except  in  one  or  two  instances,  were  not  traced  inland.  !■  ' 
their  inne;  bouii<lary  can  be  located  fairly  well  from  the  ^liore  as  t"  ■ 
underlying  I'rystaliine  rocks  surmount  steeply  the  low  areas  uni 
lain  by  the  relatively  soft  pediments. 


1896. 
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lAlholoiiiuil  r/i„,;i<lf,:y.  Y\w  Sooke  rtiid  Cannanah  fonnatioin 
'onsist  ohieHv  of  snii(l«toiu>  airi  coiiKlomerato.  with  tliiii  bc(l>^  ■  f 
sandy  slialo  a. id  marl.  Tlicru  i'  it-ry  little  difference  liflinlnjrirallv 
between  the  two  formations,  but  the  sandstones  of  the  northwestern 
lja<iii-  nri'  srt>iningly  more  indurated  than  those  (if  tlie  soiitlie:i-t,»ni 
liasins. 

The  saiulstonos  are  yellow  to  grey  in  "jl()ur.  more  rarely  darker 
'oloured  from  included  earbonaceo'iii  matter,  usually  rather  coarse 
^'rained,  the  fragments  being  *iiL-an?ular  to  angular,  and  have  a 
oaleareous  (!;ment.  The  fruRmpnts  aw  essentially  of  quartz  and 
plaffioclase  feldspar.  The  /><  e-sRories  are  numerous  and  in  largo 
iniount,  and  include  i-rown  stained  niioa.  hornblende,  opidote,  mag- 
netite, chlorite,  >er|ientine.  acrii'ite,  and  liiuunilc     Small  rock  frag- 

iients  nl«o  o-cur,  and  the  sandstone?  pass  rnp"  !lv  from  pebbb 
-andstone^j  into  coarse  consb'iiiiTato--.    The  sandstones  are  sometiiii'  s 

ross  bediled,  and  are  Ireijuently,  especially  in  thr  northwestern 
'  asins,  concretionary.  The  concretions  consist  essentially  nf  the 
-..me  material  us  the  matrix,  but  liave  been  ceiiented  more  firmlv. 
In  ceriain  horizons  fossils,  composed  of  theii-  oriifinHl  material,  arc 
very  abundant. 

The  C(Tigiomerates  are  as  u  rule  coarse,  the  iniimled  fraKMieiu- 
[.redoniinating  over  the  matrix.  1  he  basal  conglomerates  are  often 
.  xceptiona'ly  coarse,  containing  fragments  up  to  30  feet  in  diameter. 
I'ht  fragments  are  roun<led  to  sub-angular,  and  consist  almost  en- 
:irely  of  the  immediately  unr  ,"  'og  crystalline  rocks,  that  is  Leech 
liiver  slates  and  schists.  >i  mIu  in  iiieta-basalt,  Saanicli  granodio- 
lite,  IJeale  diorite,  and  ."^oiki-  gabbro.  The  matrix  is  similar  t)  the 
-ands'  no,  and  also  has  «  ealenrcous  e.nieut.  The  conglomerates  ure 
.'Iso  fossiliferous.  rather  nmrc  so  tl'.:iii  the  sandstone-,  although  'he 
:;reater  number  of  the  fo.-sil  shell-  are  l>roken. 

In  thi;  southeastern  basins  tin  re  arc  fre(pient  brds  nrnt  lenses  in 

l^ich  there  is  considerable  argilhiccou"  material,  but  there  is  ver> 
Httle  true  shale,  as  all  of  the  ii)i;illae,  ,ai-  beds  contain  a  great  deal 

i'  sand.  Tn  ci-iMain  of  the  nion'  .irfjillaceo  i-  bods  the  fossils  are  -o 
almndant  as  to  f.rni  .n  indurated  marl.  In  certain  sandstohc- 
■iKnite  occurs  in  thin  liner*  seldom  more  tbiin  1  to  ,>  inches  thiek-. 
Old  also  in  thin.  eicrar--liiipe(|  lenses. 


The    sandstone-     ami 
itiidly.     A  e.iicwntien  of 


pngloiiur.ites     .-ually    alternate    ratiier 
■  eb.nrueter  of  the  sedimentation  mir    be 


13fi 


(;i:oi.(i(:i(  Ai,  SI  it\  KV.  I  \N  M>\ 


ttiiiiicil  t'niiii   t.\|vc   tiiiii-  rxpi.-icil   iiliiii^'^  till'  iipii^t.     'I'lu'  -((liii'.piir- 

i'{  the  l>ii>iii  111  Scinki'  liiirlii'iir  iuiv.'  \h-^<\  dc-iTilieil  liv  Itii-liiinl-oti.' 
mill  lie  alsd  irivc-  ii  .c'tioii  cxjio^-rd  ..  I'lir-oii-i  |iniiii,  uitli  n  ilrill 
record  olitHiiicd  wliili-  |irn-i|iictiML'  fnr  i-oul.  'riic  iippcr  imMiilicr  (if 
!Ji('hardsi)ii"«  i'(i|miiiii  i~  ul'  Plpi-iMccnc  nprc. 

The  folldwiiifr  -(.(tiiiii   i>  ex|"'-cd   licnr  tlii'  iiiinith  d  ('cnl  rreck. 

and    i-   ri'pr iiliitiv.    ..t'   thr   l>ii«iii    lictwi-.n    Otter  and    Slioriiiffhani 

points : — 

•20  feet  iiiicoiisolidatnl,  ~tratirii'd  »aiid  and  ttravcl.  ( I'lii-itocone.^ 

10  ■■  «alidst()in'.  <ofl.  trrriiirinou-.  liaiided  vcllow  and  red,  and 
eoiKTPtionar.v. 

.">     "     eonjrlonieratc.  fos-ilit'e^oll^. 

tj.l  ••  saiid-itone,  eoar-e  to  niediiiiii  ({rained.  hutT  coloured. 
cro--i-bedded,  and  concretionary. 

4     ■■     ^aIld^tone.  avj;illaceon>.  f;re.v.  and  fo-siliferou<. 
10     '•     alternating  -ott  sandstone  and  marl. 

Higher  beds  are  exposed  on  the  east  hank  of  Coal  crock  above 
Kirby'3  ranch.  The  exposed  section  i-  "0  feet  thick,  and  consist^ 
chiefly  of  conglouieratc  and  .\cllo\v  ferrujrinous  sandstone.  There  arc 
also  two  thin  Iteds  of  sandy  shale  which  contain  a  large  amount  of 
pvrite  and  limonite,  and   thin   lenses  of  a  poor  lignite.' 

The  following  section  of  the  Jordan  river  basin  is  exposed  at  the 
shore  near  the  northwestern  boundary : — 

Stratified  Pleistocene  deposits — 

40  feet  -andstone,  few  thin  pebbly  layers  and  lenses  of  marl,  ami 
lignite  l  inch  thick.  Sandstone  chiefly  yellow  and 
ferruginous,  but  some  of  it  is  dark  and  carbonacefius. 

tJ     ■'     sandstone,  yellow  and  cross-bedded. 

•2'>  "  sandstone,  yellow,  wilii  thin  lense-  of  pebbly  marl,  con- 
sisting of  broken  pelecypod  shells. 

Exposed  100  yards  to  the  west,  on  the  western  and  upthrow  side 
of  a  transverse  fault,  are  the  following  lower  beds: — 

'  .Janies  Richardson.  Geol.  Surve.v  of  Canada.  Ropt.  of  Progres-. 
l8;6-77.  pp.  190-191. 

'  Thp  section  is  continued  downward  for  about  300  feet  lu  a  drill  h<ili-. 
but  it  has  not   been  ixissildc  to  obtain  a  record  of  th«  bore. 


i«te'»u.'- 


Mil  riiKit\   \  \\i  (>i  \  i.i{  isi.wn 
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III  tfct   -iiMiNloiii'.  vclinu    fcrnif;i!inii-. 

■J*>     "     Im-iil     I'ciiiHliiiMi'rnti' iitniiiiTi;.'    Iiir(rc     >iili-iiiiK'iiliir     {<• 

iiiijfiilar  liiiiildur-  nf  llii;  iimliTlyiiin-  mpta-l)H^iilt. 

Tin-  ^ieiliiiic'iit?  of  tilt'  liirp'  ('ariuaiiaii  basin  coii^i-l  alIlll)^t  en- 
tirely lit"  .velliiw,  eoiicretiiinnry  <an(lst«iiies.  with  tliree  or  t'niir  pelibly 
layers,  which  cdntain  hmkeii  ~hell.-i.  There  are  nci-asitiiiai  iiiterlie<l- 
uf  <'(ijiirlciii:irati'.  iiml  a  lia-al  ciiiinlniiierHte  n  in  .'ill  feet  in  thieknr--. 

Slriirliiral  nlalioiis. — lulfnial. — The  roek«  nt  thi'  ( 'ariiiiin:i!i 
and  Sddke  t'lirnniticni-  are  nut  (freatlv  disturbeil.  Tln-.v  have  a 
ueneral  strike  parallel  to  the  -linre,  that  is  about  N  7<*^  W.  and  lew 
dip-  to  the  s(inthwe-t.  w>iially  under  10°.  prnbnbly  averat;in>r  le-- 
than  r>\  Th'  rm-ks  uf  the  nnrtiiwesterii  basins  have  a  -lijthtly  hijrher 
dip  than  thii~e  nt'  the  -lUthea-tern.  The  individinil  basins  have  a 
broad  synclinal  strtictnre.  the  average  diji  toward  the  centre  of  tiie 
basin  beinjj  about  -  or  h^-.  and  there  are  also  low  undulations  in 
the  larger  ba>in-  The  lied-  have  been  broken  by  faults,  usually 
iiorinal  faults  of  sli>rht  di-plaeenieiit.  seldom  more  than  !••  to  1.")  feet 
in  amount.  The  bmiiid.irie-  of  tlu'  larger  basins  are  -onietime-;  faults 
and  it  is  probable  that  they  are  of  jircater  altliou(;h  not  of  large  dis- 
placement. 

Since  the  niaxiiniini  inland  extent  of  the  largest  liasii\s  is  about 
>.()0()  feet,  and  the  average  dip  about  .">'.  the  thii'kne«-  of  the  sedi- 
ments in  any  one  lia-iii  i-  not  more  than  TtNl  feet,  and  probably  not 
more  than  5(XI  feet.  Ilciwcver.  since  the  sediment-  of  the  south- 
eastern basin^  contain  a  stratigraphically  higher  fauna  than  those 
of  the  northwestern  basins,  the  total  thickncs  of  the  ("arni.niah  and 
Sooko  forntations  i<  umpiotionably  more  than  .'(to  feet. 

Extenial. — Relation  to  olilcr  fa  iiiaHoii-t. — The  ('arm;)inih  and 
Simke  formations  are  <'learly  iineniiforiniiWe  upon  the  Leech  River 
formation,  the  Metchosin  volcanii--.  the  Saanich  graiiodiorite.  P.eale 
diorite,  and  the  Sooke  gabbr<i.  tiie  iinconfonnity  being  well  exposed 
in  many  i)!,ice<.  The  basal  conulonicrate  not  only  contains  boulder-^ 
of  the  ni\(lerlying  rocks,  but  re~t-  on  an  eroded  -urfai-e.  The  char- 
ai'ter  of  this  >urfaee  shows  clearly  that  it  has  been  formed  by  marine 
erosion.  Fnder  the  conglomerate  are  exposed  rounded,  wave-polished 
ledges  of  tile  iTy-talline  rocks,  and  old  dyke  or  sliear-zone  chasm- 
occur  filled   with   -and-toi\e    hhI  coi\iiloinpratc.  v.liich  resMi'.ble  dyki- 
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<>!  sodiineiitar.v  iiiatcrinl.  Wliut  wni'  ■'eeiiiiiiKly  -iiiiull  ''ovc8  and  La,V'» 
in  the  Tertiary  s^liore  also  oeeiir,  filled  with  coarse  eongloinerate  and 
r^andatone.  The  ridges  intcrveiiitiK  between  tiic  smaller  hosing,  and 
probably  to  some  extent  between  the  larger  basins,  are  not  upfold*. 
but  bold  promontories  whioh  projeetcd  into  tli^  Tertiary  ocean.  Near 
these  promontories  the  sediments  are  composed  of  larpre  anfjular 
boulders  with  n  sandy  matrix,  tlie  initial  clip  of  whieh,  nway  from 
the  promontory,  is  very  steep:  so  that  they  resemble  modified  tnlii'' 
ileposits. 

The  underlying  crystalline  rocks  steeply  surmount  the  basins  of 
relatively  soft  Tertiary  sediments  to  an  elevation  of  at  least  1,000  to 
2,000  feet.  Since  the  Ciirtnanali  and  Sooke  formations  are  relativelv 
thin,  and  ns  no  remnants  of  Tertiary  sediments  have  been  found  in- 
land, it  is  v<  ry  probable  ibnt  the  Tertiary  sediments  never  extendd 
inland  over  the  present  upland. 

Relation  to  younger  fovuxilioiis. — The  Carmanali  and  Sooke 
formations  are  overlain  by  stratified,  unconsolidated  or  only  partially 
consolidated  gravels,  sands,  and  clays.  The  overlying  sediments  ar<> 
sometimes  conformable  with  the  Tertiary  sediments,  but  their  differ- 
ence in  ago  is  always  shown  by  the  relative  amount  of  consolidation. 
Pleistocene  fossils  are  also  found  in  the  overlying  sediments. 

^fodf  of  origin. — The  sediments  of  the  Carmanah  and  Sookr 
formations  are  sIkjwh  by  their  character  atid  enclosed  fauna  to  be  o'' 
marine  oritjin.  They  were  laid  down  on  an  eroded  surface  of  tlii> 
erystallino  rocks,  which  fornicil  the  mountainous  coast  of  the  Ter- 
tiary ocean.  The  present  younp  coast  with  its  bold  promontories,  tl;e 
large  angular  and  sub-angular  boulders  of  the  modern  beaches,  an'i 
the  characteristic  wave-worn  (lyki>  and  joint  chasms  of  to-day  filled 
with  sand  and  coarse  gravel,  aiv  strikingly  parelleled  in  the  unc'^ii 
formity  and  basal  conglomerate  of  tlic  Tertiary  sediment-.  The  titiii 
layers  of  lignite  have  been  formed  by  the  accumulation  of  carbfiia- 
i-eous  matter  along  tlie  i-oa~t,  j\nd  it  is  very  probable  tliat  the  tiiin. 
cigar-shaped  lenses  and  cylindrical  masses  of  lisniite  were  drift  Iol'- 
which  were  buried  by  the  Tertiary  sand-  and  have  been  conver*'  d. 
more  or  less  completely,  into  liirnite. 

Ai/fl  and  curr'lalion. —  Tlie  Canniinah  and  Si.oke  formations  ,  ra 
of  Tertiary  age.     Merriam'   alter  listing  the  fossils  collected  fioir 
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tiiu  C'arniauah  basin  and  from  ihv  <'oal  Cn-ok  basin,  and  correlating 
thp  rc«pectivo  fauna,  arrive^  nt  the  <(in<"]ui.i()n  that  the  awlimpntii  of 
the  t'ornier  basin  are  best  correlated  with  thouc  of  Miocene  age  in  the 
vicinity  of  Astoria,  Oregon,  as  interpreted  by  Conrad:  while  those 
nt  liie  latter  basin  are  of  middle  Neocene  ugv,  thut  is,  tipper  Miocene 
If  b.vvor  Pliocene,  and  that  tlie  time  of  tlieir  deposition  was  con- 
sicbriibly  later  than  that  of  the  sediments  of  the  Tarmanah  basin. 
I'P'in  this  pnlaontological  evidi'iu'c  thercfon'.  the  Tortiary  sediments 
lire  divided  into  two  formations,  those  of  the  n..rthwcatcrii  basin" 
'ii  li.nging  fo  the  Carmanah  formation,  and  those  of  the  Fouthoastern 
iiiwiiis  belonging  to  tlie  Sooke  forination.  A-  stated,  there  is  no 
:ili|iiirent  Htriicfurnl  unconforniify.  Tlio  sediments  to  the  i  'nvet 
of  Port  San  .Tunn  are  more  indurnfiil  ttmn  thogc  to  the  southrast. 
:in.!  nins-iive.  thick  bedded  .-luiilsfon.  ^  uro  uu>v  prevalent.  Tbejr 
further  sepnration  must  deinnd.  however,  sob  !\  on  thoir  incliid..! 
fnutin.'  It  is  probable  that  the  Carmnniih  fortr.ntion  shoiibl  !  .•  for 
nlaled  witj,  part  of  the  thirk  series  of  Teitinry  -.-liimtit^.  .  \po.sed 
:il..nL'  til.,  -..iithern  "hore  of  llie  Strait  of  Juan  de  Fiieii,  tin-  Clallam 
fMriiiiitioii,  wliicji  Arnold  considers  as  OHnocene-Miucene,  stating 
tliiit  tlie  bnsal  lu.rtioi:  of  the  ?eriefi  is  possiMy  OliKocenc  in  iiK'.'.  while 
tli<  upper  part  is  certninly  Miocene.  Arnold'  places  tho  Sooke  forma- 
liMii  in  the  upper  'Miocene,  separated  from  the  lower  Miocene,  by  an 
lui-nnformitv.   uiii.li  apponrs  to  be   the  best  deterniir    'i.jn  ..f  nffc. 

-nice   no   otli.r    I'll no   scdiri;ciif-   ,irc   recorded   in    w.sfpni    Wii^li 

iiiirton. 


SlM'ERKIi  lAf.   DKI-OSITS. 

riio  Kre:itoi-  pi.Pt  of  s.iuthcrn  N'micoiucr  isKitid  i-  ruvrrel  witli 
Irift.  riic  .l.'ift  i^  vnried  in  cliarMcter.  and  h.as  been  driiosifpi!  ju  ils 
pr.-,  ,it  condition  by  viirious  uKcindos,  hut  by  far  the  larm^r  ,,iTt  i- 
liriiiiiuily  of  placial  orii-'in:  for  diiri-iK  the  OlMcial  peri..]  V''ancouver 
'land  wiis  covered  by  mi  ice  cap.  and  vm11.\   jjii'-i'  rs  filled  the  lar^'er 


-lie 


The   original   placial   till 


I'r.   hcc.     u:o(lifird    tiv 


■lidiiie-  on  the  steep  slopes,  and  in  the  lar<rcr  viilliys  and  on  tbc  lou- 
.ireas  i>;  the  vicinity  of  the  c 'u^t  glacial  detritus  has  been  do- 
Kosi*,  ;  i,y  .•ivrr.  lake,  and  iiiariiii>  affencie=. 

V  •  I  illpdi.  !;  ..1  fo%.sil.  mad.'  bv  the  writer  Iuivh  not  yet  bein 
•>v.rkci   i.ii 

'  Kai;i(i  .VrrKfJ.  'iw-logicQi  K.'connai.ssaiirc  of  the  Coa^l  of  the  Olympic 
l.'Mr!;u!a.   Waslm  4 t,.     Uull.  Ge<il.  S<)<-.  Am..  Vol.  17,  p.  406,  1906. 

N-'.  !ph  .Anieltl.  IVrtiniv  Faun. is  nf  tli..  I'n.  ifi,.  Cna^-t.  ,louri.  nt 
<if<    vrv     Vol.    17.    !%:■,    up.   M!OS.-a.     Tab!"  <.l    correlations. 
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lit /fo-^ils.     I  iiiihiililii-'l  uliiiiiil  I  ill  i-  i"r  iIk'  Kn'nter 


luirt  n-lriiic'l  in  the  ii]iIiiimI  of  N'liiK-.iiiv.  r  i-liiiiil.  T'lf  ihnriK-liT  of 
lli«?  till  mill  till'  fiinii  nf  ftw  till  i|r|)(>«it-  uri'  ii-il;i|l,v  .ili«iiiriil  l>.v  hriivy 
tiiiilirr  :iiii|  iliiik  iiiiilcrlirii-li.  nr(>ii-ii>  with  II  -iiiiiilr  r,iii-triii'tiniiiil 
fiinii  lire  riiri'lv   -»h'ii.     When'  tin    tiiiilHT  liii«  Imtu  luiriiiil.  mul  (">]»■ 
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Il.\   iHiir  tlu'  IkhiU  of  till'  liir^iT  v.illcv-,  H- lit  llic  IicikI  •>(  Sun  .1 1 


\illry.  Kr<'iiiiil   iiii>riiiiir>.  m  irrt^iiii  iii-hiiici'^  i' 


iktT-likc  ill  fiiriii.  nr 


-cell,  mill  iilciii;,'  till'  -iili-i  nf  till'  viilli'v-,  \M'll  -liowii  aliititr  the  nnrtli 

«illf    nf    ('n\«  irhlUl     VilllfV.     wlllll     il|l|IClir    tn    III'    IlltlTllI     lllnniilK-    IIT. 

Oh    tll<>   --ti.'li    -li>|ir-    till'    till.    ullM'll    i-   ofti  II    cnlllpn-i'il    nf    -tllli-nli^uliir 

til    inuiiliir  I  iMKim  lit-.   i»   rui|i|\    -triililii'<l  ii-   if  iiiiKJiHcil   -lijflitl.v  l.v 
•  liiiiii^t  -iiiil   ill)'  ri'iiiMval  liv    till'  run  I'H'  nf  it>  Hiirr  ^'niiiuil  nwiliriul. 
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•vard  through  the  Strait  of  Juaa  de  Fura,  tor  traces  of  glaciatiou 
are  evident  along  the  coast  of  Vancouver  island  as  far  west  as  tlio 
entrance  to  Nitinat  lake.  But  since  there  is  little  evidence  of  glacia- 
tion  still  farther  to  the  west  at  Cape  Beale,  it  is  to  be  presumed  that 
the  farthest  advance  of  the  great  Juan  de  Fuca  glacier  was  to  a 
short  distance  east  of  Cape  Beale.  However,  marine  erosion  has 
been  progressing  very  rapidly  near  Cape  Beale,  and  the  traces  of 
glaciation  may  have  been  destroyed  even  on  the  crystalline  rocks,  a; 
they  have  been  'arther  to  the  east  where  the  Tertiavy  sandstone?  are 
expo-ed  to  marine  erosion. 

On  the  retreat  of  the  earliest  and  largest  glacie-s,  the  land  stood 
some  200  to  400  feet  lower  than  it  is  at  present,  and  in  the  lowland 
developed  by  the  pre-Glacial  erosion  cycle,  estuarine  sediments  were 
deposited,  while  large  rivers  flowing  from  the  retreating  glaci(r~ 
formed  the  river  and  delta  deposit-.  A  second  glacial  advance,  whicli 
has  also  been  noted  by  several  observers,  Dawson.'  Willis,'  LcKoy." 
and  others,  is  recorded  by  the  till  overlyinsr  the  stratified  deposit-. 
This  second  period  of  clnejatinn  was  far  less  intense  than  the  first 
period  and  eroded  merely  portions  of  the  stratified  deposits.  Thi- 
drift  in  the  lea  of  the  ir.oiiiidnoeks  on  the  lowland  of  southeastori' 
Vancouver  island  was  protected  by  the  nioiiadnocks  from  erosion, 
and  now  extends  soiithward  from  them  in  long,  ridge-like  train-. 
Other  similar  drift  ridge-,  esker-like  in  form,  which  are  from  100  to 
200  feet  high,  i  of  !i  mile  wide  .nnd  2  to  4  miles  ]o\  <z.  and  almo-' 
straight,  with  their  axes  parallel  to  the  glacial  movement-,  hnvr- 
al<o,  for  some  reason,  escaped  erosion. 

.V  conipai'atively  rei'out  uplitt  of  Si'me  250  lo  400  feet  has  tal-ioi 
plao(\  possibly  before  the  retreat  of  the  seeoml  glacier,  since  the  til'. 
which  overlie.s  the  stratiiiid  ilrift  i^  uuitiodified  oven  at  a  few  feet 
above  the  present  sea-level.  The  uplifted  str.atitied  drift  deposit,- 
have  been  retrograded  daring  the  present  marine  cycle,  resnlfiiig  ii 
steep,  wavc-eut  cliffs.  ;\1="  manv  nf  tlie  i^re-ent  rivers  in  the  larL'i'. 
drift-filled   valleys   have   cut    deeply    into  the  Pleistocene   stratitu.l 

de|v.sits. 
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Ill  tlif  iireseiit  attitmle  of  tin-  rorks  ut  .-(nitiicni  Vnii<-..iivor  islaii'l 
evidences  imv  rocordod  of  two  period-  of  iiroii.iuncoil  dofonijuli<iu. 
ot  largo  iiplilt.-  of  iiii  ciipiropfuii'  cliiUiK-tcr  m  accoiiiii.iiiied  !i.v  fold- 
ing. aii<l  of  lp--er  inoveiiieiils.  Tlio  rt-ult  of  all  tlu-o.  o-peiially  of 
the  lirst,  lias  bi-en  to  form  a  scries  of  rouj.dil.v  parallel  liolt>.  which 
have  a  strike  cDiiforiiiin^r  in  pcueral  to  that  ..f  the  wli.dr  i-laiul.  In 
ihe  southern  p<irtion  of  the  island  the  strike  is  ahoiit  X  (ir> '  W,  or 
more  nearly  due  west.  The  old,.-!  forinathir,-.  the  Leech  Puvci-  forma- 
tion nnd  the  Vaiiconver  sroup.  have  iueii  dnsely  foldcil  mid  dynaino- 
inetaniorphosed  throughnut  their  entire  extent.  The  f>'eneral  strike 
ef  the  Vancouver  group  is  froie  X  :,:,  W  to  N  il.")"-  W,  hut  of  the 
Leech  River  formation  and  Xf,  '  hosin  vo'(>anies  tlii'  strike  i-  more 
nearly  ea«t-\ve-^t.  alMml  \  >0  W  The  dips  ,,f  these  foiniations  are 
all  -teep,  nnd  generally  to  the  iierthoast  in  tin-  Sduthorn  part  of  the 
i-laiid  and  to  the  southwe.-t   in   the   iKirthern   part. 

The  non-conformity  of  llie  Leceh  l{ivcr  fonnation  and  the 
.Metchosin  voleanies  with  the  Vancouver  group  cannot  he  satisfac- 
torily explained,  for  the  structural  relations  are  obscured  by  later 
boundary  faults  of  the  Leech  River  formation.  In  the  eastern  por- 
tion of  it^  northern  contact  the  Leech  Hiver  formation  i<  apparently 
interfolded  with  the  Vancouver  group.  Farther  wc-t.  the  two  forma- 
tion- are  separated  by  an  extensive  fault,  wdiieh  i-  parallel  to  the 
strike  of  the  Leech  River  formation,  but  which  i-,  transverse  to  the 
strike  of  the  Vancouver  group.  The  character  of  the  fault  is  un- 
liiiown,  but  if  the  Leech  River  formation  is,  as  supposed,  the  older. 
the  upthrow  side  is  to  the  south.  Tlie  southern  boundary  of  the 
Leech  River  formation,  with  the  Metdiosin  volcanies,  i<  al-o  an  ex- 
tin-ive  fault.  It  is  approximately  parallel  to  the  north  boundary 
fault,  but  with  the  apparent  upthrow  to  the  north,  the  Metehosin 
V. .1, -allies  being  the  \ounger.  '{"he  character  of  this  fault  also  is 
unknown.  Although  its  dati-  i-  unknown  the  faulting  may  liave 
taken  place  during  the  second  perioil  of  deferniation  or  at  some  time 
lietween  the  first  nnd  second  period-;. 

The  date  of  the  lir-t  period  of  dcforn.  ition  is  probably  upper 
•Turassic,  as  it  can  be  correlated  with  considerable  certainty  with  the 
i;reat  defo  .lation  which  outlined  the  Pacitie  Coast  ranges.  Tt  is 
generally  considered  that  in  the  northern  portion  of  the  Coast  region 
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this  great  lU-formatiou  took  place  in  the  'ipperinost  Jurassic,  while 
in  the  southorn  portion  it  seems  to  have  occurred  in  the  lowermoBt 
Cretaceous. 

Aeeoiiipaii.vin)?  the  deformation  or  closely  following  it,  the 
graiiitie  rocks  were  erupted,  and  they  replaced  large  masses  of  the 
folded  rocks,  apparently  witho\it  disturbing  them  noticeably.  These 
granitic  roeks  now  occur  in  small  stocks  and  batholiths,  which  may 
be  mere  protuberances  of  one  or  more  much  larger  batholiths. 

Unconformable  upon  the  folded  and  granitic  rocks  are  the  upper 
horizons  ,>{  the  Cowichan  group,  which  were  involvofl  in  the  second 
period  ul  deformation.  They  wire  apparently  first  deposited  in  n 
basin  of  deformation  off  the  east  coast  of  Vancouver  island,  which 
basin  was  formed  durinsr  tlif  first  period  of  deformation,  and  which 
is  a  part  of  the  great  marginal  downfold  of  North  America,  known 
as  the  Pacific  Coast  downfold.  At  the  time  of  their  deformation  the 
sediments  of  the  Cowichan  group  extended  far  inland  over  the  de- 
nuded older  rocks,  but  whether  they  covered  the  greater  part  of  the 
island  or  were  restricted  to  large  depressions  is  not  known.  Pre- 
sumably they  covered  the  greater  part  of  the  northeastern  portion 
of  southern  Vancouver  island.  During  the  deformation,  which 
cannot  be  dated  very  closely  since  the  age  of  the  uppermost  beds 
involved  in  the  folding  is  doubtful,  but  which  is  best  correlated  with 
the  very  general  and  widespread  Laramide  revolution,  the  sediments 
of  the  Cowichan  group  were  extensively  folded  and  faulted.  In  the 
northeastern  portion  of  southern  Vancouver  island  they  were  de- 
fonned  into  rather  broad  open  folds  in  a  major  syncline,  but  in  the 
(Antral  portion  of  tliL  island,  in  tin-  -"Ulhern  part  of  the  sedimentary 
basin,  they  were  closely  folded  and  even  overturned  and  overthrust. 
The  axes  of  the  open  folding  correspond  in  general  with  the  strike 
of  the  island,  and  the  dip  of  he  sediments  is  in  general  tr  uie  north- 
cast.  The  axis  of  the  major  syncline  occurs  belo'^  the  waters  o) 
the  Strait  of  Georgia.  The  axes  of  the  closed  lolds  "tnke  more 
nearly  east  and  west,  about  N  70°  W.  These  f  ilds  ;  ,erturne<l 
and  overthrust  to  the  southwest,  which  fact  indi  -ates  that  the  forces 
causing  the  deformation  acted  from  the  northeast  and  probably  hail 
their  origin  below  the  basin  between  Vancouver  island  and  the  main- 
land. The  pre-Cretaceous  rocks  were  involved  in  the  deformation, 
being  overthrust  against  the  Cretaceous  or  sedimentary  rocks.  It  is 
possible,  as  indi<'ated  above,  that  the  boundary  faults  of  the  Leech 
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River  loi-niatioii.  ulii^'li  corresiioiid  roiijchly  in  strike  with  the  nxps 
of  close  fol(lin^!■  atiil  ovcrthnist  t'luiltiiijf,  wore  formed  at  this  tiiiio. 
Thn  great  downf'nl.l  separating  Vancouver  island  and  the  Olympie 
mountains  of  WasliinRUm.  now  (K-cupicd  hy  the  Strait  of  Juan  de 
Fuca,  eorresponds  in  strike  with  the  closed  folds  an.l  was  probably 
first  depressed  during  this  period. 

Sediments  were  ileposite.l  in  tlie  .Tiiaii  de  Fuca  basin  of  deformn- 
tion  and  along  the  \\e<t  coast  in  Tertiary  time,  forming  the  Tertiary 
ooastal  plain,  which  was  uplifted  with  very  little  folding  but  with 
rather  extensive  minor  and  usually  nornuil  faidting.  The  recent  up- 
lift of  I'OO  to  4<Hl  feet  appears  te  have  been  nearly  uniform  through- 
out southern  Vancouver  island;  although  there  may  have  been  a 
slight  tilting  to  the  west,  since  the  uplift  appears  to  have  been 
iii/Te  on  the  ea-t  <ea-t  than  en  tli     west  c^.ast. 


lllsroHK  Ai.   (iKOI.or.V. 

The  oldest  rocks  of  southern  Vancouver  island,  the  Leech  River 
formation,  are  a  series  of  what  were  originally  shale*  -»nd  shaly  sand- 
stones, chiefly  quartzose;  and  since  the  series  is  very  thick  and 
lithologically  uniform  throughout,  it  must  have  been  deposited  under 
uniform  conditions  which  prevailed  for  a  long  time  and  which  were. 
therefore,  probably  marine.  The  time  of  deposition  is  supposed  to 
have  been  Carboniferous. 

It  is  probable  that  at  the  close  of  their  deposition  the  rocks  of 
the  Leech  River  formation  were  folded,  since  they  appear  to  have 
suffered  grc.-i+er  dynamo-metamorphism  than  any  of  the  other  rocks 
of  southern  Vancouver  island.  It  is  certain  that  a  pronounced 
i-hange  of  conditions  took  iihice  in  Mesozoic  time,  for  during  the 
Triassic  and  Jurassic  the  rocks  comprising  the  Vancouver  group 
were  formed.  They  consist  chiefly  of  volcanic  rocks,  mainly  ande- 
sites  with  both  flow  and  fragmental  typ.  .  the  flow  types  predom- 
inating. With  the  exception  of  a  rather  limited  series  of  rocks,  the 
Sicker  series,  partly  of  sedimentary  origin,  possibly  oecurring  in  the 
upper  part  of  the  Vancouver  group,  the  volcanic  rocks  are  excep- 
tionally free  from  sedimentary  rocks  other  than  limestones.  These 
limestones  usually  occur  in  relatively  small  intercalated  lenses.  They 
were  formed  largely  by  the  accumulation  of  marine  organisms,  which 
were,  as  far  as  determined,  of  lowermost  Jurassic  age,  and  provincial 
since  they  have  apparently  nothing  in  common  with  the  other  known 
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Imw.m'  .riir;i--ic  t'iUiiKi'  of  N'l.rlli  AmoriiM.  Sini'r  ihf  irf-Miii^in-  :ir> 
iiinriiu-.  it  i-  t..  I.i-  imsuii.iMl  thiit  tin-  volfanio  rock-  \MTr  !iiv(iely 
siiliiiKiriiii'.  mill  the  ('(Hiiinirii'ivi'  rnrity  nf  tuffs  and  ngi^ldinrniii'-:  am! 
«.f  intorlii'l-  of  tiTn-frial  nial<'rial  -ii|i|iort-  ttii-  ('oiiclii-io!i.  It  i-= 
probiiMo  tlial  -oiiic  ..f  iIk>  olil  vciit-  ui-rc  aliovi'  soa-lovcl  >iiico  t'rnif- 
niciital  vnrirtie-  ami  a  few  roiit'loiiuMMtr-  (■(imposcil  of  roiimlcd  vol- 
»'anic  frafiiiit'iii-  intiT-tratitiicil  with  tiitf-i  an-  known.  Tlio  ol(l  mmus 
wore  prohalilv  i^himl-.  ami  it  wa-  on  t\\e~i>  volcanic  i-himls.  far 
roniovod  fr^ni  tlio  inainlMnd  to  ilir  ca-t.  that  tho  iirr^vinfial  orfrani-n;- 
llved. 

Koliowinji'    a    \er>     illicit    ai-ouinulatiirii    oi    the    voloanic    rock- 
pi-rhaps  marked  hv  a  transitional  period  in  which  terrc-trial  material 
was  deposi.ed  with  tho  volcniiic-!,  the  entire  group  wa>  greatly  d^  - 
fornieil,    prohahly   (inring    njiptr   Jura--?io    time,   the    main    axes   ■  ; 
ilcformation   corrci^pondinfr  roughly   with   the  present   trend   of  tl  • 
i-Iand.     Batholithic  rocks  woro  tlnii   intrude<l,  penetrating  far  ini 
the  roof  nloiig  two  main   axe>.  a  sonthern  and  a  northern,  separate  ■ 
in  the  central  i)art  ol   llic  island  hy  a  wide,  possibly  synclinal,  art  ,i 
The  hathulithic  rock.-  were  suh>c(iucntly  ex\)oscd  hy  the  erosion  cyd. 
initiated  l>y  the  nionntain-huiidina:  ilcformation.  since  lioulders  an 
liohlilov   of   theii!    oeenr    in    the    nnconformalily   overlying   sedimcnt- 
Alihough    further   exposed    by   later   erosion    cycle-,    the   batholithi' 
rooks  as  e'Xposeil  to-day.  do  not  form  largo,  uniform  bodies  of  rcgul. 
■intlii.e.  such  as  are  characteristic  of  the  Coast   Range  batholith  • 
til     iniiinland  of  Briti-h  Columbia.     On  the  contrary  they  occur  ii 
ri'atively   small    masse-,    which    are,   however,   very   numerous,   o-|ie 
cially  .ilong  the  two  main  axe?  mentioned  above.     TTence  it  appear- 
a-  il   ero-ion   if  carried  somewhat  dt-ei>er  would  expose  one  or  n  oi> 
ve:\    large    and  continuous  bodies  of  plutonic  rocks  similar  to  tL. 
Cna^t  T!ang.    batholith.     If  so,  the  masse.s  exposed  to-day  on   X-.r,' 
roll    'r  island  are  merely  protuberance-,  or  as  Professor  R.   .\.  DnU 
calls  them.  '  cupolas.' 

The  erosion  cycle  initiated  by  the  upper  ,lura>-ic'  deformation, 
although  exposing  the  granitic  rocks,  did  not  reduce  the  area  to  a 
lowland,  since  the  surface  upon  which  the  sediments  of  Cretaceor,-. 
the  upper  members  of  the  Cowichan  group,  were  deposited  was  mi- 
of  considerable  relief,  varying  in  elevation  to  mce  than  1,000  fee ' 
It  is  at  present  impossible  to  state  wlietlier  or  not  the  sedimentati'  i. 
re-presented  by  the  .ipper  members  of  the  Cowichan  group  began  ii. 
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'I'l'*''"  '''■*"' "1^  li'i"'-  ■'ill'-''  tliriv  i-  ,,  po-siluliry  thill  -..,„,.  ,,f  the 

-.•■liinenta  iirr  ,>f  lower  ("r.'tiU'..,,u<  or  Coiimnoho  age.  luuiiig  l„.eii 
foriueil  at  the  same  time  us  simihir  ro.-ks  ou  (iiieeu  Cluirlotte  i-lan.l-. 
rt  appears,  hou.ver.  as  if  tlie  givat.T  part  (,f  the  mnni..ntaiio.i  hoizixn 
:ii  upper  ('reta.vous  time,  at  a  stage  eorre-poiidiiig  with  the  Cliie,.. 
or  (he  I'ierre,  and  it  htnks  as  if  tlie  seciiniciits  were  lirr-t  .lopo.-itrd  li: 

I  iiiariiio  ha-'iii  l,otweeii  th..  iniiinland  aii,l  Vancou\er  i-lan.l.  whirl, 
i.fldin  was  iirobaldy  one  of  deformation  and  was  <lepre,sed  ,if  ha-t  a- 
••arly  us  the  upper  Jurassic  fohlinjr.  In  the  proee-s  of  sedimontation 
tiie  marine  conditions  alternated  witii  tliose  of  liracki.h  uain-  ;iiid 
were  finally   roplaeod  l,y  terrestrial  conditions,  since   the  I.,wer  beds 

■I'  tlu.  Kroup  aro  fossilifer.uis,  ahove  which  is  a  horizon  in 
whieh  coal  is  foinal.  which  in  turn  i«  r.verlnin  hy  very  thick,  unfos- 
siliferous  deposits  ,,f  coarse  sand>tone  and  eonglomerates.  with  a  few 
l.eds  of  sandy  shale.  The  .lifferent  hcds  vary  rapidly  in  hoth  vertical 
:.nd  lateral  dinM-tions.  indicating  a  great  variation  in  the  conditions 
■•f  deposition.  During;  the  -leposition,  the  sedimentation  trans- 
Siressed  inland,  at  first  tilliMi;  up  the  irrenularities  of  the  pre-upper 
Cretaceous  erosion  surface,  and  then  .overi.if.  the  higher  residual 
•levations.  The  total  thickn.^-  of  tho  (  letaeeourt  deposits,  which 
:uay  includ..  some  of  Eoeeno  aov,  was.  toward  tlio  clo?,>  of  their 
■1-position.  prol.ably  n.'ar  lo.Ooi)  r,,ct.  .\t  this  time  they  ext.'nded  far 
inlau,l  over  ||„.  denude.l  crystalline  rocks,  perhaps  covering  the 
greater  luirt  of  the  island,  or  i.erhaps  restri.-tcd  to  h.rge  depression-. 
They  were  later  subjected  to  pivat  orogenic  niovonients.  which 
•aimot  bo  date,!  very  detinitelv.  |,nt  wlii.di  probably  oceurred  durin- 
■lie  very  general  and  widespread  Laramide  nnolution.  'I'he  oro^enio 
movements  warped  the  sediments  into  broad  open  folds  in  the  iwrth- 
fastern  part  of  the  basin,  but  in  the  southern  part  into  closed,  over- 
turned folds,  broken  by  overthrusf  faults.  It  is  also  probabl..  that 
•he  Juan  do  Fuca  downfold,  sepa.atiiig  Vancouver  island  from  the 
nlvnipit  moimtains  to  the  soulh.  wa^  depres-e<l  at  this  time. 

A  new  erosion  cycle,  which  has  been  called  the  Tertiary  cycle, 
^as  initiated  by  the  revolution  described  above,  and  the  <lctritus 
tioni  the  eroded  deformed  rocks  was  deposited  under  marine  condi- 
'ions  to  the  west  and  f  th  oif  a  mountainous  region.  Since  there 
-  no  evidence  that  th  ertiary  deposits  extended  i.dand  over  the 
luderlying  crystalline  rocKs,  this  mountainous  region  must  have  been 
xposed  to  erosi.ui.     As  eroMou  an,l  ,lepositi,,n  continued,  the  region 
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a-  u  wlinle  wa-  iirolKiMy  ilrprc^-ril.  until  nt  tlir  cjhl  nt  the  cvi'Ir,  a 
"■oastiil  plain  imd  Uot-n  itiiilt  up  ajiuiiist  a  subnuTgcd  luountuinou-i 
^loif.  ft  s<H>ui-i  U'*  if  llii-  coastal  plain  fornii'.!  a  virtually  fimtinuoiis 
plain  with  the  iild  age  surface  ili'vclopid  iluriTig  the  pro^iou  cyclo  on 
tile  (loforniiMl  rocks.  Tiiis  erosion  >urt'acc  was  a  pcnof)laiii  in  the 
soutlicrn  part  and  ^ul'ducd  in  tlic  nortlirrn  part,  "  ith.  lun'ovrr,  IiIrIi 
rc«iiluals  and  residual   divides. 

The  tirst  Tertiary  -cdi'untation  rccordcij  on  Vaiicouvor  island 
(the  Curnianuh  t'orni'itiun  i  i-  of  OligMcene  or  more  i)rohahly  lower 
Miocene  age.  .Mso  .\riii  Id'  litntes  that  there  were  probably  no  high 
UKiuntain-  in  tho  i'acitie  (^oast  region,  except  in  a  few  locali- 
ties, in  OHpoeene  time.  It  is  possible,  therefore,  that  the  peneplain 
was  formed  durinp  an  early  Tertiary  cycle.  If  so,  in  Oligocene  time 
it  wn.s  ui)lifteil  and  retrouradeil,  forniiiiK  a  steep  mountninnus  ena^t, 
against  which  the  Miocene  sediments  were  deposited.  It  seems  prob- 
able, therefore,  that  if  such  an  early  Tertii'ry  peneplain  was  uplifted, 
it  would  have  been  again  peneplaincd  by  the  clo?e  of  the  deposition 
in  late  Mimi'ne  or  curly  I'lincene  times.  'I'lie  --tiM'p,  mountainous 
coast  against  which  the  Pliocene  sediments  were  depo-iited,  must  have 
been  protected  from  erosion,  since  it  is  now  exposed,  apparently,  in 
almost  its  original  steepness:  and  it  is  most  reasonable  to  suppose 
that  it  was  protected  li.v  depression  and  sedimentation  af^ainst  it. 
The  net  result  would  he  the  san;e,  therefore,  as  if  there  had  been  only 
one  period  of  pcneplanation.  the  deformed  rocks  haviiKT  '  'en  subject 
to  erosion  throughout  the  lower  and  middle  Tertiary,    '  •         ubt- 

less  with  changes  of  level.    The  peneplanat'ou  woul ''  oeen 

<-on;iiIcte<l  in  the  upper  Miocene  oi'  lMi()cent>  times,!      .•  le  it 

is  probable,  as  stated  above,  tlnit  the  peneplain  and  tii  .al  plain 

formed  a  virluall.v  continunus  surface.  .Xrnold"  believes  that  the 
peneplain  of  the  Klamath  and  Sierra  Nevada  was  also  completed  in 
u]iper  Minci'ne  time:  and  Willis  and  Sn.ith^  date  the  peneplain  of 
tli'^  Cascade  mountains  of  Washington  as  Pliocene. 

The  uplift  of  the  T'-riiary  iieneplaiu  probably  took  place  durinir 
the  Pliocem,'  and  possibly  the  earl.v  IMeistocciie.*     liefore  the  Olaeiid 


'  Kjilph  .Aniolij.  Tcrtiiirv  I  aaiia  of  tlie  Pacitic  Cii,ipt.  Journ.  if 
3eol.,  Vol.  17,  1909,  p.  518. 

'  Ralph   AtiuM     ,Tourii.   of   tjool..    Vol.   7,   1909.    pp.   .5>l-.-i27. 

'G.  (I.  Smith  and  Hailey  \Villi>.  Odntributions  to  the  GtH>lon\  of 
WasliinBton.     Pitif.ssi.uuil   Paper,  No.  19,   U.S.  Geol.  Survey.  1903. 

Tf,  Ralph  .\rmild.      .loiiiii.  nf  fioolofiV.  Vol.  17.  190!>.  pp.  ,528-Ml. 
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IMTiod  it  wns  Tiiaturpl.v  .lis^pctf,!,  iiii.l  aluny:  llic  vn-i  aii.l  u.-t  Cdn-ts 
where  underlain  by  >ot't  r(M•l;^'.  was  r.-iliicMl  t.i  u  lowland.  An  oldago 
surface  wa-<  al?o  dcv..|.,|,,.d  .,n  tl..'  rivtallinr  rocks  in  the  extreme 
90uthcn«ti'rn  portion.  Foi;',',viiiir  mature  .iissection.  tiie  reRion  wa^ 
upimreinl.N  dct)rcssed,  ut  least  in  the  eastern  and  sontheanern  por- 
tion, forming  the  .Irowncd  shore-iinu  charnctcristic  of  that  portion  of 
southern  Vancouver  inland. 

Dunne,'  the  (ilaeial  period  Vancouver  i-land  was  covered  h.v  an 
icecap,  and  valley  (;ln<'i..is  ilowed  «e,t  into  the  I'aciti.-  ocean  and 
east  into  the  I'ioiiniont  trl"<'icr.  which  tlowe<l  southward  th'  -ugh  the 
Strait  of  (leornia.  ovorridinsr  the  southtastcrn  lowland  of  Vancouver 
island,  and  then  westward  t..  the  Pacific  ocean  throupli  th.'  Strait  of 
.Tuan  de  Fuca. 

On  the  retreat  of  the  earliest  and  lari-'est  claciers.  the  land  stood 
-nio  :.'IH»  to  4<M>  tVet  h.wcr  than  at  pnscnt.  and  on  the  lowland.- 
developed  by  the  i)re-(ilacial  eroMon  cycle,  marine  scdinaiits  were 
dc|)osite.l.  while  lar«v  river^  t\:\y\un  from  the  ivt  leat  infr  uhuMcr- 
formed  extensive  lluviatile  and  delta  deposits.  .\  seeoiid  period  of 
srlaeiation  is  recorded  hy  the  till  overlying  these  deposits,  but  it  was 
far  less  intense  than  the  tir.«t  period,  and  merely  eroded  portions  of 
the  stratified  deposits.  Soon  after,  or  possibly  bufore  the  retreat  ,A 
the  laUT  glaciers,  an  uplift  of  some  200  to  400  feet  t^)ok  place,  uplift- 
injf  the  stratitieil  dein.sits,  which  have  been  sub-maturely  retrograded 
■  Uiriup  the  present  marine  cycle. 


CORRKr.ViTON'. 


The  sii  nosed  oldest  rocks  of  southern  Vancouver  island,  the 
Leech  River  fonnation,  are  correlated  with  the  lower  part  of  the 
Cache  Cra'k  group  of  British  Columbia  and  witii  the  Peshastin 
fonnation  of  Washington.  an<l  are,  therefore,  considered  to  b  of  Car- 
lionifcrous  age.  This  correlation  r.^sts  chiefly  on  the  facts  that  the 
Leech  River  formation  is  apparently  older  than  the  known  Atesozoic 
rocks  of  southern  Vancouver  island,  being  more  dynamo-metamor- 
phosed, and  that  it  is  similar  lithologically  and  structurally  to  the 
■ilaty  rocks  of  Carboniferous  age.  which  have  a  very  wide  distribution 
in  the  Pacific  Coast  region.  It  has  also  been  suggested  that  the 
Nitinat  marbles,  since  they  are  not  definitely  conformable  with  the 
Vancouver  |?roup  and  are  apparently  more  metamorphosed  tha  i  the 
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SiittMii  liiuPstoiii'K,  III  i>  I'l'  ■■.  irclflti  i|  witli  till'  iipi>4'r  imrt  i\(  tlw 
f'lM'hr  *'re«'lt  Kriiuy,  the  Alml'lo  Caiivim  liiiii-tdiu-'.  Hou.ver,  it  lia» 
-I'luu'il  lii'st  to  oon-iiliT  tlioiii  "ovi-iiiiiiill.v  in  nuiiilicr'  of  tin-  Vun- 
iiiiivi-r  ariiiiii. 

It  liiis  Ih'cmi  grii'-riillv  -u|iii"-oil  tli.ii  ilie  Mt^nzoii'  vulcanic  tot-k^ 
lit"  tlif  ('n;i-t  ri'fiii.h  of  llritisli  Coliiiiiliiii  wcrn  ii)V"lve<l  not  only  with 
dliit.v  ro<k«.  >(ucli  ««  tile  I.ci'cli  Kivcr  t'onniitioM  of  I'nln'ozoie  age,  but 
iil^o  «itli  iii<  ti\inoriilio-<"(l  voli'iiiii''  i-oi-ks  iinil  iiniiv'ti.iirtt  of  Paln-o/ni. 
Age.'  Till'  rru>oii  for  tlii>  «uii|io-itioii  wii-'  cliiclly  tlie  ocourronce  "i 
fiwsils  ill  the  liniestonos  iiitir>;iIatoil  uitli  the  volcniiic  rooks,  which 
.iltlioiijih  miilcli  iniiiiiihic  rcciiibhMl  !'Mhi'o/oic  forin-i.  Thi"  fov-il- 
i-ollectp.l  li.v  tho  writer  in  !!••••»  iit  t.'owiclinii  lake,  were  colhcid 
riilhcr  hiirrii'illv.  and  tlic  fniiini  rcprcr^oiited  by  the  imperfect  oolicc- 
tioii  wiH  <loteriiiiiu'il  i\l  lir^l  a-  |)cvoiiiaii,  thon  a^  prohahly  Devonian. 
On  the  -Ireiijfth  of  tlii-i  doteniiinatioii,  and  fr.iin  the  oeourrenco  of 
suiJ|ios('d  raUcozoic  fossils  in  tlie  liinestoiip-t  in  the  vicinity  of  Vic- 
loriii.  i  rther  north  in  Van -i  uvcr  i'hmd.  and  on  'I'cxada  i-^hind.  and 
in  the  nuighoiiring  co  wt  rc«ion.  .1  uroiip  was  erected  niiliraeinjr  'ho 
nutainorphic  voh'aiii<'  rocks  .md  coar>ely  crystallino  ^lnrl■lc^'  in  tho 
-outlicasterii  porti<in  of  tiio  i-hind.  and  caUed,  usiiiR  a  term  earlier 
employed  hy  Dawson  for  the  jaiiio  rock",  the  Victoria  sroiip.'  A 
much  more  complete  and  more  perfect  iollcclion  of  fo-^«iils  froi  1 
Cowiclian  lake  ha-i  '•hown  that  the  fiiiina  i-  lowermost  .T'lrn-^'ic. 
ObsiMire  fossils  in  nthcf  of  the  limistono  lcn>e-  iiitercalatrd  with  the 
volcanic  rocks  re-omhlu  tlic  Sutton  -la,  (aid  are  iiresuniahly,  thcrc- 
t'ore.  of  .lura-'ic  a^e.  The  vohaiiie  roik.s  in  -.\liich  ;he  .Jurassic  linn  - 
-tone-  oc.'ur  .ire  virtniiUy  couliiniou-  and  are  all  apparently  confonr- 
;il>lc.  and  ale.  therefore,  eon-i<lere<l  with  a  iiiuA  deal  of  certainty  to 
I.e  .lurassie  or  pos-ihly  Tria-sj,-  in  ;i^re.  .md  to  he  meinhcrs  nf  flic 
\'aiicou\er  j^rouji  as  detined  l..\  l>a\v-oii.  Dawson'  map,,  all  of  the 
pie  t'l-ptaceons  rocks  of  Vancouver  and  Qnc<ii  Charlotte  i-lands  ami 
of  ihe  lui^chbourinv  portion  of  the  Coast  ranpc  a^  tlic  Vanconvi  r 
^rr"Up.     On  tl      evidence  of  tin    oli«cure  Palirozoic  fossi's.  [.oTloy  and 

'G.  M.  DawMXi.     Hull.  Oc  '    Soc.  Am.,  Vol.  2,  1901,  p.  72. 

O.    1;.    r.eWej-.      riibhcntioii    No.   flftli.   (jeol.   Survey,   Canada,   1908,    i>p 

K.  (i.  McConncU.  .'Nummary  Kcpoil  lor  1909.  Oeol.  Survey.  Canadn. 
■.p.  09-70. 

r  IT.  Clapp,  Sumiiiarv  Keport  for  PKW.  C,eo\.  Survey,  (^niiail.i.  VV 
■|»-.V1.     Summary  Report  for  1909.  ftcil.  Survey,  Canada,  pp.  87-8!'. 

'C.  H.  Clapp.    Sumiiiarv  Kep<irt  for  1908.    Oeol.  Survey,  Canada,  p.  55 

=  0.  M.  Dnw.son.  Northfrn  V.TiiMnvpr  ishmd  and  adjacent  eoa*t-. 
Ann.   KiiK.it,   1886.   I'.irt   B.  <«.  ol.   Siirvpy,  Canada. 
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^■••■.  lui.ll  .iili.livi.lf  ilio-f  rnoki  into  I'ahi n/.ii.'  an. I  \fi..o/oic 
n.onilicf.  It  M'cni-i  nio-t  |.r..hnl.!r,  imuev.r,  -iii.-i-  tlip  >-n.-U-  nmppoil 
.1.  I'liliM./oi."  iiiv  icl.iiti.-iii  Ir.  .,|.|),.nr^in.'e.  an.  -  fur  n-  known,  m 
-trn<'tiir.\  with  tliM-r  ..{  th,  Vnn.uis,  r  «-r<Mi|>  (,n  Vnii.>..iivi'r  i-Inii.l. 
'liiK  'he  ohsfiir,.  l'.,..i|>  ,,,•.•  MiMozi  i,..  If  -..,  tli<.  prunt  hulk  ..i  tlif 
rt-('r<'ta.'eoii-   r..rk-  ..f  the  Co,,-!    rcnion  nro   M.'soroic,  with  occn 


•ionnl   infold.  ,,f   I',ii,..,,/.,i-  rn,.k-.   -u.li  ih  thr  Ixwli  Riv.-r  fopmn- 
iioii  ioiil  po!(,ilily  fill.  Xifinul   fornintion  appoiir  to  he, 

'i'lii'  correlation  of  ili.'  Mmn^or  foinialioni  on  V:\ni'ou\.i-  '-l.ui'l 
ha'*  hoiMi  (fcnnrally  a. ,  ,.,,te.l  fn?  s..ni.>  tinns  and  tho  pro«t>ot  iiivor-fi-a- 
fion  has  ni.roiy  strvo,]  t-  add  dctaiK  and  oorrohnrafo  fh,.  carli.-r 
itivi  -tittati"n«. 


Kt  oNoMK     (ii;(»L()(;v. 

(lioiifis  of  depofth.'-Jhtro  are  in  soiitlicrn  N'anoouv..  r  i-l.r.  1 
mineral  deposits  valnahlo.  or  po--ihl.v  vahiahlo,  fur  jo.ld.  foppi  r,  jicn, 
flnse",  iind  pigment;  aU..  important  strnotiiral  matt-rials  inohidinu' 
linio  and  i"»»mont.  da,',   -and   ai*l  ({r.ucl,  and  stone.     Tiio  varioiw 

di'Posits     art'     pnoipcl     ,,ii     an     o. nic     or     inftallnr^M.-al    hii-i^. 

'that  ir-,  aocordinn  to  rla-  iirodn.-t  f<,r  whi.-h  tlu-.v  an  \aliial.h-. 
This     .•las>itication     al-o     -.rvc-.     fairly     uell     to     ..'roup     to.jcthei 

'lio-o  dopo-its  whi.'h  ar.-  ..f  lik •!«:!».     In   -onio  instance,  lio>\ 

.■v<.r,  diiKisit.  vahial.!.-  f.,r  ditf.ronl  iii.lal-.  are  of  identical 
..ri«iii.  Undor  copp.r  dopo-it-  an-  aNo  dnsorihod  certain  deposit- 
'which  contain  silver  iiearinu'  Kalcini  luid  sphaleriU',  hut  these 
minerals  are  usuall.v  •  ihonlinatc  to  copper  hc-.iiing  uiinernls.  The 
deixisits  chiellj  valnalde  for  metals  arc  first  descriued  in  the  fnjlow- 
ing  order;  t'ohl,  copper,  ami  iron.  I'nder  eacl  ,,f  th,.,,.  di\  i-i,aw  the 
deposits  are  snh.iividr-d  aecrilinn  to  their  oi-ii;in.  Some  ,,f  these 
deposits  are  po-sihly  vahiaide  f^.r  -ulplnir  an.l  air  hrietl.v  considereil 
from  this  -tandpoint.  Tiie  n'in-n:etaliii-  resmiree-  are  tlien  eon- 
-idored  in  the  I'dlouinj,'  order;  fuels  iii.ludin^'  coal  and  ..il.  iina'. 
•■'einent  nnd  flnxe^,  pisnii.-nts.  clays,  sand  and  gravel,  and  ^tono. 

(.OI.P. 

I'laei-  iiepottii.<. —  Placer  deposit.!  arc  tiic  chief  -o\ircc'  of  (joM  in 
-Q'.ithern  Vanco.jver  i-hmd.  and  the  .  iilv  -ource  which  has  produced 
i;old  in  pa.vinc  qnantitv.     Cold  i-  reported   from  a  larce  mimher  of 
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ri\tir»  iiml  I'hik-  uti  ■"iMitliirii  \Miiicm\t'-  i-htinl,  .iiul  '  I'uldiiri  '  'un 
iloiilii!  -s  |i,.  iil.taiiu'il  liv  iiaiiiiiii);  in  iiiosi.  nl'  tlic  -trt'iim".  Wilh  two 
iir  tlir..  I'Xii'pi  III*,  tin-  priiii  ipiil  .k'|>o-iit»  nil  nci'iir,  lio\vivcr,  in  the 
•treiiiiH  wliicli  iliiw  for  u  coii-iilrriiMi'  piirt  of  llicir  ••oiir«t-  over  the 
I.ii'cli  IJivcr  fiiriii  itioii.  Tlu'  wimmN  niiil  -ami-  Mi'ar  flif  mouth  of 
Soiiiliiio  rivor  iiuNi  lii'iii  kiiovMi  11*  II  sour'!'  of  jiolil  since  ilu'  Span- 
i:inls  pxpJi.riMl  till'  I'miiic  cou-t  in  tlu-  liilt-  r  pnrt  rif  t|if>  cighti't^ntli 
»''iihir.v.  In  ilir  »ixlii'^  tlic  ilcp(..i(H  in  ili.  Lncli  iind  Jorihrn  river* 
\Mro  (li-ro\  (  ri'ii  iiikI  uoiUciI,  iIio  >ii'li|  luinu  < -"linniti'tl  nt  from 
#liHi,(HM>  t.i  ijcjiMi.iHMi;  iin.l.  -nmi'uhiit  liiliT.  ■■oiirxi'  (folil  wiis  foiiml  in 
till'  iippi  1-  pMit  of  till'  Snn  .liMh  riviT.  For  m  MumluT  of  yjMirn  ("!hinii- 
mon  liiiM-  unrkril  on  |,ii>r|i  ri\('r.  iiiid  one  or  two  mori'  rxtonsivc 
iitti'mpl-.  Imvc  l)t'i'ii  niuilt'  rccoiillv  to  ohtaiii  koIiI  from  liOooh  river 
iiiil  it-  north  foiU.  At  inv-eiit.  :i  v"r'ii''>''"l>ip  '"'"•  Ix'cn  fornu'<l  to 
v\ork  a  luTKe  ih'posit  of  -iiml  uml  Krav.l  lU'iir  tiie  month  "f  Soinhrio 
river.  |{f>-iile-i  tlie«e  ilep..-.it-.  \Oiieli  oeiMir  ill  fiio  liolt  ■■(  the  liOech 
liiver  -lilies,  siiiiill  iimouiit-  of  jrohl  have  hivn  ohtnined  from  ('hina 
'•reek  mil)  Fninklin  rivi'r.  emolyin..'  intn  .Mlienii  eainil.  and  nUo  from 
.Viiiuiiiio  river. 

Virtually  all  of  the  >1  reams  whieh  oi-mir  in  tho  helt  underluin 
hy  the  I/ceeh  Hiver  slutes  eoiitain  more  or  lesii  ivjarse  goM.  With  the 
oxeeptioii  of  the  two  lurire  valley.-*  which  occur  ulont?  the  northern 
aiul  soiitheni  hounduries  of  the  formation,  the  Sail  .Fnaii  valley,  aiel 
the  vnlley  which  has  liecn  i-alled  f-eoch  Hiver  valley  (hut  which  U 
ooeiipiod  hy  .several  stream-  he-iile^  I.^M'eh  river,  notahly  Jordan  river 
'and  itH  tribiiti  .  c;^  Hear  cro»'k  and  Y  creek,  and  Lost  rivor),  the 
valleys  are  narrow  and  the  (irade  steop.  The  ainotint  of  Kfivel  in 
these  stream-  is.  therefore,  siiiuU.  It  is  very  ims.sihle  that  relatively 
larpre  aiiioinits  of  auriferous  uravel  may  he  found  lui  the  wide,  com- 
paratively smooth,  Miter-treiiiu  areas.  These  iiitc  r-treani  areas  are  as 
a  rule  ilrift  covered,  ami  heavily  tinihered,  sn  that  pro^ipoctinir  is 
carried  on  with  ronsiderahle  dillicnlty. 

The  amount  of  gravel,  even  in  the  Leech  Liver  valley,  is  not 
hirfje  throughout  the  greater  imrt  of  its  extent,  hut  special  ponditioiis 
have  e.xisted  in  certain  portions,  which  have  i-au,sed  its  accumula- 
tion ill  large  amounts.  The  conditions  are  not  at  present  well  under- 
-tood.  The  largest  known  deiiosit  occurs  in  th(>  lower  part  of  the 
valley,  extending  to  the  coast  near  the  mouth  of  the  Somhrio  river. 
Lost  river,  which  occupies  the  western  part  of  the  r.fvch  River  valley. 
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.|n,',«  nor  .ro-.  lli.-«  «ravcl«,  hii.  tiinit  iihniptly  u.  tlir  ^,,ni..,  ..mt  m 
tnilr  I  mm  the  "l.orr.  lUHi  «,„U  it^  «,.>■  to  tlio  ..  ,i  through  i.  narrow 
ii'ion.  Tim  itTinrU  tire  im.l.rlp  l.v  'I'ertiur.v  ooiKrlnmrr.it..  ati.l 
-.in.Niom.,  wlii.l,  „ri-  oxpoH.'d  nt  tlic  xlior©  uml  at  the  liond  of  I..).t 
r.v.T  al  ;!J0  (V,  f  al.ove  ».■..!,  .,1.  N,.,,,  ..a  l-vvl  tl.o  T..rtu.r.v  ro.-k, 
an-  .linv'tly  .,v.  lain  l.v  a  mukI.v  ..|ms  ,,|-  indotinit,'  ilii.-ki,....  l,uf 
l.n.l.al.ly  not  nmr..  than  lo  or  ir.  I...|.  whi,'!,  mnhiin^  ,.  arin..  I'loiHto- 
ot-ne  fo»mN.  Ilic  ovoriyinn;  -.and  uml  kms.-I  i»  from  ::<mi  t..  :.ihi  f,-pt 
Ihi.-k;  a!'  1  til,.  .IrpoMt  in  1  to  i  mil.'  \,  i.l,..  an, I  .nI,-  „lan.|  l.<  ^..,,.1 

the  ben.i  of  Lout  river,  for  n  .Ijstan.'c  n  puf.Ml  to  '  J  niil.'s.    Oti 

t-.p  ..f  the  irrnvoU  i,  u  yellow  (farnet-hearitiff  -and,  ,  i>i»  f.^et  thick, 

"'■<Mirrin>r  at   elevHtion.-t   of   fron.    l.-.i.   to   .'.(mi    f.^.t    al.ove    sea-level,' 

although  n,  ar  tl...  nhore  it  o. r.  inu.-h  lower,  prohnhly  on  aeeount 

of  local  sliiH  in  the  .lepo'^it.  Jhr  -and  .■..n-inis  lart'ely  of  r.nn.led 
'pmrtz  Kraiim.  and  resembh.s  a  I.each  .and.  Mr.  K.  S.  Callop.  one  of 
the  partners  who  own  th,.  d..poMt,   in   a   rr.-.nt   letter  to  the  writer 

.tatuM   that    the    .ninin^   ..n^ir r.    who    have   e.xa.nined   tlu^   deposit 

.•stiinate  tho  „„,oun'  ol  «ravei  at  l.'>.-.,(MX),n<).t  etd.ie  yanU.  and  the 
uold  oontents  at  12  .'ents  per  yard. 

The  origin  of  the  gravel-  is  .,ot  at  pre.^ent  elear.  A  large  part 
..I   the  travel  ..ontains  pehhie-  of  „,an.v  ditferet.t  ro..k>,  and  appoam 

Iro.n  ,t.  l,et..rop.n „  ,.hara..t,  r  ,o  |„.  .....nposed  of  glacial  detritus. 

If  .ef.ns  prol.able.  thcrofore,  ',at  the  gr  ol  was  deposited  hv  a  large 
l->t-(;ia.-n.l  river  tlowin^  „  ard  in  tlw  Leeeh  Kivr  vallev  hefore 
th.   reeent   nplift.      This  u,  divert,.,!   th,.   riv..,-   in,.,   n-   pn-..,,, 

'7"-  """  "'■  ""•   '  ■-■    'i^"''-     Tl...  gol.i.  if  ,l„,„„i,,,i  ,„„,..,  ,!,,„, 

'••m'lit.on^  was  ;„  .  ,1.1,  ,|eriv,..i  fn>n,  a  much  larger  ,,uantitv  of 
glacial  "■''•Vein. 

A  I  '"  amount  ui  gravel  oecur.s  also  in  San  Juan  vall.y,  l.nt  is 
prnbahly  low  crade,  as  it  ,-  ehi.lly  of  glacial  origin,  and  anv  gold 
that  It  may  eontain  do,.s  not  ap,„.:,r  ,o  have  h,.,.|,  ,-p,.cinllv  concon- 
frated,  except  very  lo<.ally. 

The  g,.l,l  in  th,.  above  me  tion.^.l  ufravel  di-jiosits  has  doiibll.-s 
U..-n  ,leriv,.,l  fr  .m  th,.  ,|,iart/  v,.ins  which  occur  in  th,.  L.xi.ji  Uivei- 
-la(,s.'  Thes,»  quartz  veins,  or  more  correctly  small  string.rs  and 
I.nses  are  very  nunierons.  but  they  seld»im  attain  any  great  size. 
Th,.  liuartz  of  the  veins  is  ass,.,.iatcd  with  a  little  albit,..  whi<h  in  the 

u  .''*?!'*■  "^,^';  I'aw»"'i.  r(<'t>..rt  of  a  Reconnnixsntico  of  Lepcli  River  anil 
Vicinity.    Oeol.  Surv       ,,f  Ciitiada,  Kept,  of  Progress,  1876-77.  p.  100. 


ik.i« c ■  I- -^t^fPt'-wii'^j  'j^^m^ f,:".'* 


id'''':w^amfi9'^i^^ 


ir.H 


(iKOI.IwacXi.    sll.\t\,    LA.NAUA 


sheared  veins  lias  altered  to  suriuite.  The  niilv  iiniallii'  mimrals  an- 
a  little  pyrite  ur  clmlcopyrite.  iui4  free  Rold.  Tlio  veins  are,  as  fin- 
U'i  known,  very  low  grmle,  and  are  too  -mall  and  too  barren  to  lie 
profitably  mined,  and  all  altcnipt^  wliicli  have  heen  inaile  to  work  the- 
veins  have  heen  unsueeessful. 

The  oidy  development  of  the  gold  deposit-  of  the  I^eeli  River 
belt  going  on  at  the  present  tinie  i':  that  of  the  large  deposit  of 
sand  and  gravel  necurring  along  the  west  ooast  near  the  mouth  of 
Sombrio  river,  ifessra.  R.  8.  Gallop,  D.  W.  Ilanbiiry,  and  W.  H. 
Kirkbride  have  nearly  finishetl  the  eonstnietion  of  n  hydraulic  plant 
to  work  these  gravels.  It  is  po-sible  that  other  gravel  deposits,  sufti^ 
i-iently  large  to  pay  for  the  establishment  of  a  plant,  oectir  in  other 
parts  of  the  Leech  River  valley.  A-  far  as  known  the-e  deposits  arc 
-mall,  but  the  western  portion  of  the  valley  has  never  iieen  thor 
oughly  explored.  Although  the  de)iosits  of  the  San  .Tnan  valley  are 
low  grade,  thorough  examination  may  reveal  I'liough  gravel  to 
warrant  the  establishment  of  a  plant  designed  to  work  large  quanti- 
ties of  low  grade  material.  More  th  ugh  prospecting  of  the  gravels 
■  m  the  upland  between  the  two  nnjor  valleys  i-  nlso  advi-erl. 

The  upper  parts  of  the  Franklin  rivcr.  (  hina  ereek,  and  \anaimr. 
river  tlow  in  a  mountainous  di-triet  formed  of  tlie  Van<'o>iver  meta- 
voleanies,  with  intercalated  lense-  of  limestone,  both  of  which  have 
ln^'n  invaded  by  large  granitic  hatholiths.  rnnsiderable  mineralize- 
I  loll  has  taken  place  near  thi'  contacts,  and  it  i-  probable  that  the 
-mall  amouiil  of  gold  in  the  above-named  streams  has  been  derivnl 
from  mineral  deposits  of  thi<  character.  A-  far  a^  seen,  the  gravi  1 
deposits  of  these  streams,  which  are  likely  to  be  gold  bearing,  are 
very  bouldery  and  restricted  in  amount. 

Along  the  west  coast  of  Vancouver  island,  e.xeept  where  fr  .-ed 
by  the  Tertiary  deposits,  blnek  >ands  whieh  carry  gold  occur  in  the 
l)eaches.  The  gold,  however,  i-  quite  flaky  and  would  probably  he 
•^aved  only  with  considerable  difficulty,  as  has  proved  to  be  the  ca>e 
farther  north  along  the  west  coast  of  th,'  island.  The  actual  amount 
of  black  sand  in  the  beaches  of  southern  Vancouver  island  does  iici 
iippear  to  bo  large.  Mr,  Gallop,  who  has  pro-pected  the  gravels  aif! 
-ands  in  tiie  vicinity  of  Sombrio  river,  reports  the  occurrence  ot 
native  mercury  in  the  sand*.  The  mercury  was  probably  derivci 
I  rem  such  deposits  as  are  known  to  occur  on  Cinnabar  creek,  near 
Sechart,  on  the  northwest  side  of  Barkley  ^nund 
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Von,  and  impre!/>Hih.i  ,/ei,os,l...-^lu    tiu^    ^outhcaMcru    part    of 
Viuin,Mv..r    i-.lnnd    inanv    „i    tlir    (lUiirt/.-lel.Upar    vi„-.    wl,i,l,    uer. 
I-robnl.ly  form,.]  durii,-  the  Intrusion  nf  the  iipp.T  Jura-ir  Rrnniti- 
ro<'ks.  liHvo  l,coi,  pr.-prrtf,!  lor  (...Id.  oiitiroly  without  ?iif<'es--.     Tli. 
triH.   natiu-o  of  tho-o   vrln-.   or   apopl,v.o..   l,a.   apparmtlv   „ot   b.HM, 
reeogi,i/e.i.     For  >ii„.o  th-  fol.l-par  ha-  altonvl  f.  MThMtr,  it  re^on, 
hlc*  on  thr  u.athoro.l  siirfaro  white  iiiilkv  quart/,  a.ul  the  voir.^  hav,  . 
therofor.-.  the  appcnranoo  ,,f  ordinary  quartz  vein^.     The  vei,i=  al-o 
contain   pyrito.  wl,ieh   alterin.    to   liir.onite  ha.   staine  I   the  exposed 
surlaeec.  .fill   fnrtlu.r  hi,lin.«  tho  tnu.  character  of  the  v,.in^      0>.. 
inirroseopie  .Aaminatinn.  fol.l.par  i^  always  scon  to  he  |>resent.  a.„l 
u-ually  in  oxeoss.     Such  vei.w  a?  these  haye  not  heen  -howu  el=o- 
where  to  W  Kohl  h,>arfn,ir.  au,l   it   i-   not   lively,   therefore,   that   thov 
'■ontain  p.M  in  cotntnereinl  quant iti,-  iu  -outhcrn  Van.'oui-cr  inland 
and  their  prospecting  -Ii,.uld  he  di-eouraRcd. 

.Mineralized   shear   /one.   oeeur   throughout    the   limestoiu-   and 
...eta-yoh.anics  of  the  N'aue.uver  proup,  l,ut  are  he-t  developed  near 
the  contact,  with  the  intrusive  pranitic  rocks,     sinuh.r  niineralized 
shear  zo.u.s  also  oeeur   iu   the  granitic  rocks  thenisolves.  especialh 
..ear  the  con.H.-t<.     Deposit-  of  ,hi.  character  are  nsuallv  more  ini- 
I'ortant   as   posihio   >ouree-   of   ,.„pper.   hut    they    al-o   .-arry   sniall 
n.nounts  of  ^old.     .V  typical  .-xatuple  is  the  ,lepo<ir  on   the  Alfreda 
"la.".,   s.tuated   on   the   ,.ast    slope   of   Cordon   Fuver   yallev    3   mile^ 
above  the  month,     irere  th,-  diorite  has  heen  trenu>ndouslv'  sheared 
fonntns  a  shear  zone  aI>out  2.1  feet  in  width,  which  strikes  N  50°  w" 
The  sheared  .liorite  ha^   tho  appearance  of  a  chlori.ic  or  amphihole 
schtst,  hut  US  true  nature  i-  r,.a,lilv  recognized  on  n.ieroseopic  exnm- 
...ation^    .\lthou,d,  trace,  of  ,l,o  „ri.inal  tninerals  and  texture  are 
.■ctn.ned.  the  sh^an-d  rook  i-  .-ontpo-ed  ehi..tly  of  ..eondary  min.-ral-. 
|yh,eh    inelude    ...rleito.    ur.,lite.    hio.ite.    uu,.,.ovitc.    chlorite,    and    a 
I.tt  e  eptdote      In  the  si,ear  zono  quartz  lenses  have  heen  developed 
partly  hy  r..plaeen,ent.     The  quartz  of  the  lense.  occurs  in  irregular, 
-unlly  very  sn.dl  ,ra>ns.  up  to  ,  „r  ,  nun.  in  diameter.    Associated 
«'th  the  quartz  is  u  yer,   little  plapioclaso  feldspar  and  sericito    The 
-Hu-rtz  contains  disseminated  grains  of  pyrite  and  ma^^netite.  whieh 
l.nve  alter.HJ  somewhat   t(,  limonif.  an.l   is  .ait  hy   later  v,.i,dets  of 
quartz  an.l  ealcite.     The  quartz  rock  is   -aid  hy  the  owner  of  the 
elaim,  Mr.  T.  :M.  Baird,  to  assay  $2  a  ton  i.i  goM  and  5  oz.  of  silv.T 
i  nless  eonsiderafbly  larger  h<,di..s  of  higher  grade  are  found,  these 
deposits  are  of  little  or  lu.  coniniereial  importance. 
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(ol-l'Kli. 

The  copjior  (loi)osits  of  southern  Vancouver  island,  although 
rather  varied  in  I'hnraeter,  are  all  more  or  less  closely  connected  with 
the  igneous  rocks  erupted  during  the  upper  Jurassic  period  of  batho- 
lithic  and  dyke  intrusion.  They  were,  however,  deposited  under 
different  conditions  in  different  kinds  of  rock,  and  may  be  subdivided 
into  three  main  types,  as  follows:  (1)  contact  deposits,  (2)  imprejr- 
nated  and  replaced  shear  zones  with  accompanying  quartz  veins, 
under  which  is  the  special  type  occurring  on  the  East  Sooke  penin- 
sula, which  has  been  called  the  Sooke  type,  and  (3)  a  large  lens  of 
ore  formed  in  a  syncline  in  the  Sicker  schists  on  Mount  Sicker, 
which  has  been  called  from  the  largest  mine  developed  on  the  ore 
body,  the  Tyee  type.  The  contact  deposits,  which  are  developed 
chiefly  in  metamorphic  limestones  near  their  contact  with  intrusive 
igneous  rocks,  are  the  more  numerous,  but  oddly  enough  the  Tyee 
ore  body,  which  is  the  only  example  of  the  Tyee  type  known  to  occur 
on  Vancouver  island,  is  the  only  deposit  from  which  there  has  been 
a  commercial  production.  The  contact  deposits  will  be  described 
first,  then  the  impregnated  and  replaced  shear  zones,  with  a  separate 
description  of  the  special  Sooke  type,  and  lastly  the  Tyee  type. 
Since  there  is  at  present  no  commercial  production  of  copper  from 
southern  Vancouver  island,  a  special  description  of  mines  and  pros- 
pects is  given  only  in  special  instances. 


Contarf  llpposity. 

The  contact  deposits  as  mentioned,  have  been  developed  in 
contact  metamorphosed  rocks,  chiefly  limestones,  near  intrusive 
granitic  rocks.  In  a  few  instances  limestone  was  not  present,  or  was 
present  in  relatively  small  amounts,  so  that  thero  is  now  little  or  nn 
evidence  of  its  original  presence,  the  'country  rocks'  being  contact 
metamorphosed  volcanics  and  tufaceous  slates  of  the  Vancouver 
group.  The  contact  deposits  developed  in  the  limestones  appear  to 
be  capable  of  sulidivision  into  two  sub-types,  which,  however,  merge 
into  each  othei  They  are  those  which  occur  at  the  contacts,  and 
those  which  occur  in  the  zone  of  contact  metamorphism  at  some 
distance  from  the  actual  contact.  The  former  are  characterized  by 
a  higher  percentage  of  magnetite  and  pyrrhotite.  and  the  liitt<'r  by  n 
higher  percentage  of  pyrite   and   chalcopyrite.   these   four   mineral- 
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beinp  the  princip.,1  ,„..talli,.  n.in.r.l.  „f  the  o,.>,t.,-t  ,IepoMt.  The 
'lopos.ts  .lovelo„e,l  in  tho  hid.or  «,ul  ln«or  zone,  of  the  contact  metr.- 
morphosed  limestone,  are  first  d^ocrihcl  sopnratoly.  Following  thi< 
•s  a  description  of  the  ,lepo.it«  apparently  developed  in  contact 
metamorphosed  volennics  and  tnface^uc  =lat,..  „f  the  Vancouver 
sroup.    Finally,  the  aenesis  of  the  various  types  is  considered. 

Deposits  dcvelopcl  in   confarf   mitamoti>hoxed  limestones  at  or 
near  the  intrusive  granitic  rocks.     General  character  and  distribu- 
I ion.— Th(^  dcp-xsitsdevolopoil  at  or  near  the  intrusive  granitic  rocks 
in    the    contact   nietamorphosed    limestones    are   typically   exiiose,! 
on  Mount  Malahat,   in   the  Afalahat  district.     They  occur  in   the 
metamorphosed   Sutton  limestones,  which,   on   Mount   Malahat,   are 
little   more   than   large    inclusions    in    the    intrusive    Wark   di'oritc 
fc'neiss,    near   lat,  r   intrusions   of   Saanich   granodiorite,   which    ha^ 
monzonitic  diorite  facics  near  the  .-ontact.     The  .leposits  consist  of 
irregular  masses  of  magnetite,  pyrrhofite,  and  pyrite.  with  dissem- 
inated grains  and  veinlets  of  chalcopyvite.     Occasionall.v,  as  in  the 
deposits  exposed  near  the  east  fork  of  Robertson  river  in  Cowicha,, 
Lake   district,   chalcopyrite   occurs    in    fairly    large    masses.      The 
deposits  on  the  east  fork  of  Robertson  river  also  occur  in  the  contact 
metamorphosed  limestones  of  the  Sutton  formation  near  diopside- 
bearmg  granodiorites  of  the  Saanich  type.     Similar  deposits  occur 
m  the  contact  metamorphosed  limestones  of  the  Nitinat  formation 
near  the  intrusive  Beale  diorite  on  Santa  Maria  island  in  Numa- 
kanus  bay  of  Barkley  sonn.l.  an<I  on  the  south  hank  of  Sarita  river 
one  mde  from  its  mouth.    All  of  these  deposits  have  been  opened  up 
only  by  shallow  pits,  small  shafts  and  short  drifts.     There  has  been 
no  commercial  produ.'tion.  'nit  some  of  the  deposits,  such  as  those 
near  the  east  fork  of  Robertson  river,  are  of  ,  .nsidernble  prospective 
value. 

Mineralo(,y.-lhe  metallic  minerals  occurring  in  (he  deposits  of 
this  type,  in  the  order  of  their  relative  abuniianc.  are:  pvrrhotite, 
magnetite,  chalcopyrite,  and  pyrite.  O.vidized  minerals  are  not  abun- 
dant, although  limonite  is  virtually  always  present,  and  the  exposed 
surfaces  of  the  deposits  are  stained  with  malachite,  and  sometimes 
with  the  black,  earthy,  copper  oxide,  melaconite.  The  non-metallic 
gangue  minerals  are  those  derived  by  the  contact  metamorphism  of 
the  l.me8tones,-,..arnel.  diopside,  an.l  epidote,  with  secondarv  actino- 
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lift-,  scriifiitiiic,   Hinl   kiiiiliii:   iiiul   iIih-i-   ..l    l.Mir    iiil  in.liiri  inn      tflil 
-I'iir.  inuirtz,  ami  ciilcitc. 

(.'haloopyrito  is  virtuiill,\  the  uiily  tniip-r-i"  ariiiu  iiiiiuTiil.  Tt  i- 
iiias-ive  and  occurs  in  ili-sriiiiiatiMl  ^rniu-  "V  -mail  lcn-o<  niicl  vein- 
lots  in  the  other  inotallie  miiierals  ami  in  the  cnnraet  metamorphosed 
limestone.  It  ir»  sometime^  ivresfiilarly  iiiterur..wn  with  ijyrrhotite 
But  more  rarely,  as  mentioned,  il  nceur-  in  ri'!ati\il\  inirr  and  larp 
ma-^es,  1  to  10  feet  in  width,  oiu'  oi  which  i-  exinp^cd  near  the 
di~eovpry  post  o)i  the  Alpha  claim,  near  the  ca-t  fork  of  l{ol>erl~oh 
rivi  r.  C'halcopyrite  i-;  n-unlly  the  la-t  of  the  metallic  mineral-'  to 
have  crystallized,  and  when  larpe  ma--e-  of  pyrrln'tite  and  clialcop> 
rite  are  seen  replacing  older  minerals  of  the  contact  metamorplio-e'! 
linie-tone-i  (see  Plate  1')  it  is  ii-uallv  do-cly  a-^ociated  with  th' 
inclusions  of  the  older  minerals,  penetrating'  them  in  -n'.all  vciulet-. 
The  ohalcopyritc  ha>  altered  sonieuhat  to  linionite,  and  more  rarely 
tn  malachite  and  nelacoiiite,  which  form  nierely  surface  stains. 

Pyrrhotite  is  usually  the  luo^t  ahiindant  of  tlic  metallic  mineral-. 
It  i-  mus-'ive,  and  o<('ur-;  in  relatively  larye.  irregidar  masse-,  re- 
placing the  '  <'ontaet  rock.' 

Ifapnetite  is  u-ually  present,  and  is  cue  of  the  most  abundan' 
minerals.  Tt  is  ntore  or  less  eomplementary  to  pyrrhotite,  for  whert 
either  one  is  the  chief  mineral  the  other  occur-  in  rather  smrd! 
cpiantities.  It  is  tinely  uranular  to  ma-sive,  usually  occurring,  wlier' 
lire-ctit  in  large  quantitie-.  in  fairly  large,  irregular  masses,  whicl. 
may  r.intain  only  a  small  amount  of  the  sulphide  minerals,  grading 
toward  the  magnetite  tyi)e  of  contact  deposit-  of  the  Xitinat  forni;i- 
tion,  exploited  as  -ources  of  iron.' 

Pyrite  occurs  in  small  amounts,  either  intergrowii  and  assoei 
ated  with  pyrrhotite  and  ehaleopyrite.  or  in  later  veiidct-  cutting  t!  e 
niai;netite  and  pyrrhotite,  and  at  tin  e-  the  ehaleopyrite. 

The  character  of  the  contact  metamorphosed  limestones  and  th' 
occurrence  of  the  minerals  comprising  them  ha-  already  been  given 
Quartz,  ei)idote.  and  cah-ite  al-o  occur  a-  \eiidi  t-  cutting  the  gangii- 
and  metallic  minerals. 

Juxltiii-  Oiiil  i>iiiviii'iivsis.  -It  ma\  W  well  to  empha-i/- 
characteristic  textures  more  fully  than  has  V>een  done  in  the  <le-crii' 
tion   of  the   minerals,   esi>ecially   those   texture-    -li 'Wii    on    iioli-hec 
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'.10     Mirt'urr^.     whicl,      iiwliciit:^      |1„.      ,,i„l,;ihl(.      |.;1  IMy,  n,.-! ,     ,.(      ||„ 

mincnil,  .vinpri^in^r  tl„.  ,„•,-  .„•  ul,!,.],  thiou-  li>;lit  „n  tlic  oriKiii  „■: 
tl.e  on-.     \V|„.n-  |).vri-l...titr  i-  tl,..  pri.iripMl  nutiillic  iniiicnil,  cI.hI 
■■'-P.vritp   i.   ii-Miilly  a<^.,ciutr.|     utli   it    in   hm^-WU,.   nuis-,...   var.vitu' 

from  alin-.M  „:i<Tos..,,,,i..  -i,,.  ;,,  ,  |,,,..  tlio  (.m,f...t  width  noti.v.l. 

Those  two  inin.TMlf  m.v  .•n,Mi,ionl.v  r^^.n  i,M-hi,liii-  |-riimii.nN  of  th, 
-nturt    i.,..ti.>,ioi-pho-.,.,|    |l„,.-tn,„..    „p    ;,s    it    Muiy    ho    o,.,ivt.Mi,.nti\ 

■■:.ll0.l,    •.•,.„l:,rt     VurU:        A.     -,0U     .,„     ||„.     p,,);,],,,]     .uvfM.TS     tl,,.    SmI- 

phi.!,..  iippoar  to  1„.  ivpl.i.i,,,;  ihr  r..n,„l,.,l  an,!  irn-riilai-  li„-l,i.i„n- 
..|  •c.iita,'!  i-,„.l<  •  api>aiviiil,v  l.v  iii.pn.Mual in-  ;,I,,m^  t!i..  ,.,.nta.'t-, 
and  by  p,.n,|,at  ini;  fh,.n,  in  tins  irrv-nhip  ap,.i,hys,..  an,!  v^'iidL't-^. 
riio   vdn!,!--   ,,t'   ,.|>al,.„pyrit,.    in    th,>   i,yirlu,tit...   niv   mnn-  ahun.lun- 

'"•■'"■  ""■   '"■■'""^-   "'"'■'•   t!i,.'  .■Ini!,...i,yrit..  p,.netrat,..  an.I   improj.- 

nates  l,i.,r,.  IV,  ,.ly  tlian  ,!„,..  tli,"  pyrrla.tit,.  (I'late  14).  .V  polisluM 
-amp!..  Cn.in  tl„.  ,!c.p,.-if  ,,n  tli,.  ^.,ntli  hank  ,,f  Sarita  rivor.  a  niilo 
Iron,  it-^  nn.nth.  -h„u-  tl„.  -ili,.;,!,  ,  of  the  '  .-ontapt  ro,-lv  '  in  irro-nlar 

-'■'""''•   '""'    -' '■"■>    'IH.irt/.    in    ,.l„nKat,>,    im-^nlar   .nass,.s.    int,.r 

i^rown    with    an,l    p.,-.il,!y    ,v:,!; 1    |,y   ehal.-opyrit,.   nn,l    pyrrhotit... 

lliij  |.yril„,tit..  occnrs  l„,r,i,rin-  the  incln,le,l  (piar;/  nia'-vs  al-o  m 
•^rain-  in,!n,!e,!  in  tli,.  .-hahopyrif,..  >,.  that  it  1,),,1<=.  a-  if  it  ha-! 
.liter,,!  witii  t!,e  .•In.l,.opyrite  >„l,iti„ns  hnt  jiad  ery-tallizo,!  Mr-t.  aiul 
th.'ii  lia,I  l.,.on  ,.linnn,  t,.,l  in   part   fn.in  tlie  eluileopyrit,.  ,]urinff  tli,' 

'■'■'■"""'^"'' '■   ""■  «'IiMl,-„pyrit,..    tl!...    f„ni,i.i.,r   th,.   h.mler  m.iu^. 

fo  this  in-ta.i,.e  l.,.th  tl.e  py...h„tite  an,!  tl.e  ,l.aWp,M-ite  nr,.  e„t  hy 
later   veinlet.   of   pyrite.    p.-„l,ahly   alonf;    i„eipio..t    fraeture..      The-e 
v.inlets  ent  al..-..pt!y  a,-.-o^s  th,.  ln,-|„M„ns  of  '  .-ont.iet  r.H-k  '  al-o. 
In  tl.e  sail, [lies  from  the  <l,.posits  near  the  ea-n  1, 
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.llxi,    ii-    lil'^Tilil'i!,     ill     llllcr     VcilllctS.        'I'llr     llli^(•l•ul^    Ol'     till      .■•■lllilcl 

iii('tiiiMorpho>-i'(l  liiiicstoin'-  iire  nil  cnrliiT,  with  tin-  cxcpptinii  ot'  tin- 
uclj  cryttiilii/iil  j.':iriut-.  wliicli  uiipciir  to  lie  ut'  a  iiittr  noiicr.itinii 
anil  tu  have  cr.v -tiiliiztMl  iii'tcr  nr  with  tin-  iiiayiii'titc.  cfcurriiiK  in 
V. ill  liiririi'il  ir,v>titl-»  p(i»-iliiy  hoi'iui-c-  ol  tlioir  i-niilfr  power  nt 
'  n-liilliziitii>M ;  lull  rvcii  the  iTcr\ -tiilli/fci  Hiiniil>  appi-ar  \>i  li- 
nliliT   than   till'   iliiilccipvritf.     'I'lu'   viiiild-   cf   iimirl/.   cpidotc,   iiifl 

<Ml('itc  may  1 t'  -ovimmI  uriiiratinii-.  I.iil   an-  I'.iuii.t  I'litlinp  all  tli. 

iitlur  iiiiiii'i'iil-. 

I'/iuraclii-  iij  ilriiwil-.  I'hr  uxm-l  fliapc  iiml  ^i/.i'  of  any  .-iiigli 
>>\c  lii'dy  has  iicvt'i-  he.  ;i  (K'tonnincd.  The  bodies  appear  to  In-  irn 
uulur  Inll^^^(■s,  usiiully  more  or  le^s  lionttnte  and  rudely  leiiticuliir. 
|irul)ul)ly  vertically  a>  well  as  luirally.  As  far  a>  they  have  laii! 
I'Xaniiiied  they  are  ncil  more  than  H  or  10  feet  widi ,  and  are  iisunlh 
h'Sis.  In  jjeneral  the  percentajre  of  elinl''opyrite  is  low  and  tli' 
deposits  of  very  Ion   gniile. 

As  noted,  they  oeeiir  in  eniilael  iiiftainoi  phoned  liniestones,  iie;  r 
intrusive  Kruiiitie  roeks,  the  niinoniiizatiun  iHindly  l.einn  Rfealc  r 
along  shear  /.<ines.  Thev  are  virtually  restricted  to  the  onntaet  inet^i 
iiiorphosed  liniei-tones  of  the  so-ealhil  *  jcarnotite '  variety,  and  thi- 
variety  is  usually  in  elo-e  yssoeiatioii  \\itli  relatively  pure,  iinaltevei 
limestones.  The  niinerali/.atioii  of  the  ani|)Iiiliolit<s  formed  hy  tl. 
eoiitaet  nietuniori)hisiii  of  the  linie-toiies  is  very  small. 

/^yio.viVv  ilciil(>in'il  ill  fuiilarl  iiii-liiiiioriihdscil  liiiiexlones  at  sinn. 
distance  from  llie  iiitnixire  i/riiuitic  /■oc/.-.v.  (Icinrnl  character  lua- 
(liatrihutioii.-  The  deikisits  develojjed  in  eoiitaet  metamorphosed  lime 
stone>  at  some  distanee  from  the  eontaet  with  the  main  body  of  tin 
intrusive  t;raiiitie  rock  are  well  eXpo~eil  on  Mount  (iordoii  sipiil'i^vi  ' 
of  Cowiehan  Lake  narrows,  at  the  (ilady.s  mine  on  the  south  slo].( 
ol  Alherni  eanal  near  the  eiitranee,  and  at  the  King  Solomun  an. I 
nine  Bell  mines  on  ICokasilah  ridge  in  Ilel'Mcken  district.  'I'liey  m. 
all  developed  in  small  limestone  lentils  of  the  Sutton  formation, 
izreatly  eoiitai't-n;etaniorphosed  and  sheared,  and  so  intimately  as>o 
eiatcd  with  metnmorphie  and  -lieai'ed  voleanies  that  llie  two  Ivj"- 
of  metaiuori)hic  roeks  cannot  always  bo  distinguished.  The  deti.sit- 
consist  chiefly  of  iminegnations  of  magnetite,  pyrite,  and  chalcopv 
rite  in  the  sheared  metamorphic  rocks.  The  metallic  iiiincraU  >«-r:r 
al-o   in   sir.all   li  ii-es   and   iri-egular  shaped   luas-es,   a>   at    the  (i'!:i   ;- 
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I'liliri'ly  liy  umlr.iilito  (•iirm-t  ii--^ipi-i;ili-il  with  a^'i  iimlii.  .'  Tli.'  nlti'r- 
iintion  of  IkhIs  is  usually  rapid,  tlip  iiulividiial  bods  raiitjina;  from  ■_' 
t.i  ;iO  inclios  ill  tliickiics-^.  Tlicy  also  ttiin  out  laterally  in  n  sliori 
distance.  Tlir  iiiiiicralizatioii  has  ln'on  cnntined  almost  ontirely  to 
the  fiarnetiforous  Ih>i1s.  These  are  Irequeiitly  replaeod  to  such  an 
extent  as  to  furm  ore.  wliii'li.  tiionffh  of  a  fair  ffrade,  is  seldom  in 
lai'fTP  amounts. 


Goifsiii  of  //)/■  ronliicl  ili'posll.<.  From  the  oeeurrenee  of  the 
deposits  descrihed  ahovo,  it  is  elear  thai  they  an-  intiiiiatoly  eon- 
uocted  with  the  granitic  rocks  which  were  erupted  into  the  lime 
stones  and  volcanics  of  the  Vaiieouver  (iroup  iu  upper  .Tniassie  time. 
Similar  deposits  have  heeii  re<-oKiiizod  in  many  parts  of  the  world, 
and  are  clas-itied  as  contact  deposits,  the  invariahlc  feature  i)einn  the 
development  of  metallic  miuerals  in  contact  metainorphos(.'(l  rocks 
near  intrusive  iffiieous  nicks,  which  are  usually  Rrauitic.  The  eon- 
tact  melamori>hos(sl  rocks  arc  chiefly  altered  limestone-,  and  an^ 
eharacteri/cd  hy  such  minerals  as  garnet  and  diop-idi'.  The  metallic 
minorals  also  are  those  which  eharaeteri/e  the  Vanoouver  island 
deposits,  chictl.T  inaRtietiti',  pyrrliotile,  pyritc.  and  chaleoi),vrit(v 
Tiien'  can  he  little  ilotiht,  tli'  let'ore,  that  the  Vancouver  island  de- 
posits are  contai't  deposits. 

There  are  two  (jeueral  hyiiothe.ses  of  the  orifrin  of  the  minerals 
of  contact  dcpo-it,s.  The  first  is  tliat  the  garnet,  diop:-iile  and  other 
neu-inetalllc  luincraK,  a!i<l  in  part  at  least,  the  nietallie  mimial- 
were  derived  from  the  recrystallization  of  an  impure  rock,  usually  ,i 
limestone,  which  <'oiitaiued,  hefor(>  metamorphi-m.  enough  of  tlic 
iugrislienis  of  the  deposits  to  form  hy  rcarraiigiinotit  and  reerystal 
lization,  through  the  heat  and  mineralizers  escaping  from  the  intru- 
sive magma,  tlie  minerals  of  the  present  deposits.  Tho  second 
hypothesis  is  tliat  the  limestones  were  relalively  pure,  anil  that  adili 
lions  .>f  silica,  iron,  copper,  and  sulphur  were  received  frciin  the 
intruding  magma,  which  entered  the  liu'cstoiics  in  hot  gaseous  solu- 
tiiius,  well  ahove  the  <Titieal  temiieraturc  of  water,  and  metasomati- 
cally  replactvi  them. 

Tho  limestones  of  southern  Vancouver  ishiml  were,  to  judgi' 
from  the  unaltere<l  portions  reinnining  to-day,  very  luire  earhonates 
of    lime    with    some    magnesia,    and    wi're    comparatively    free    from 
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'•.'linioiitiir.v  iiiutorial  other  tlum  orKiinic  fniprnunt-.'  That  they  have 
licon  subject  to  wry  great  allenitiou  near  the  intrusive  ffranitie 
riH-ks  is  shown  liy  the  iinivcr-iil  iKenrvcnce  of  a  inetiiinorphoscd  zone 
la  contact  with  the  firanitii-  rock<.  which  arc  never,  except  in  snnill 
ilyk&J,  in  direct  cuiitact  witii  p\iiv  limestone  or  inarMe.  The  iiifer- 
inc('  is,  tlierefoi-c.  tliat  a<Mitions  of  -iliiM,  iron,  eopper.  and  snl|ihui- 
were  received  from  solutions  derived  from  the  invadinp  magma.  The 
iiMturo  of  tlie  mineralization  aNo  supports  this  conclusion,  as  it  is 
ui't-atost  wiieiv  solutions  would  mo-t  ea-ily  eirculafc.  that  Is,  al'Mii; 
shear  zones,  frequently  beiiiR  contiii.'d  to  them.  Also  in  the  mag- 
netite type  of  cntact  deposits  <i(<'uirins'  in  the  Xitinat  limestoms, 
irregular,  apophysaldike  veins  of  niaKiietito  cut  and  hrecciate  nearly 
pure  marble,  suggesting  that  th.  have  been  formed  by  the  intrusion 
i>l   \(Ty  concenlrated  maf;iietile  sojull.'u-. 

.Some  of  the  deposits  aNo  appear  to  have  been  developed  in 
contact  metamorphosed  volcanic.'  rocks,  although  the  contact  meta- 
morphosed rocks  are  very  similar  to  those  derived  from  limestones. 
.Vs  not<'d,  if  limestone  was  originally  i>resent  it  has  been  entirt:ly 
eonvcrted  into  metamorphic  varieties.  The  nietamorphic  varieties 
are  apparently  confined  to  irregular  shear  zones  in  the  recognizable 
volcaniis  near  intrusive  granitic  rocks.  They  may  represent  old 
liine-toiii!  inclusi'iis.  whicli  are  f^umd  in  the  volcanic  rocks,  ami 
which  have  been  sheared  and  coniplet<'ly  metamorphosed.  But  simo 
the  shape  of  the.  metaino-;  '"  •  portions  is  very  irregular,  and  since 
they  are  .so  intimately  associated  with  the  volcanics.  It  jr  strongly 
-uirgested  that  the  M:etaniorpliic  portions  have  been  formed  by  the 
ajicratiou  of  sheared  volcanic  p.icUs  by  solutions  derived  from  the 
invading  graniti<'  magmas.  The  cbei  =-try  of  the  alteration  cannot 
be  satisfactorily  discusso.1  .-it  i)rc<ciit  owin.u-  to  lack  of  analys<>s.  The 
ciiict'  difficulties  appear  to  be  the  introduction  of  lime  to  form  andra- 
dite  garnet  and  a  loss  ot  alumina,  which  does  not  appear  to  bo 
present  in  the  i^arnet.  If  the  contact  zone  as  a  whole  is  considered, 
tliere  has  iirobably  not  bi'cn  any  yrcat  bw,  in  idnmiiia,  and  possibly 
no  very  great  jiain  in  lime,  as  minerals  such  as  epidote  and  ehlorite 
are    probably     n;orc    abundant     tlia>i    garnet.       The    iion-nlnminous 


'  vV*©  page  *>7. 
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p.vroxiin'.  (Ii()p-iik<,  i.-  not  ini  iiluiiuliiiit  iii<'l;iMior|iliic  piviliirt  in  tlio 
iloposit--  of  tlii>  t.vp.'.  Ill  tlio  iiic'tiiiiiorplii<m  tliero  appears  to  liuvc 
liwn  a  pononil  rciirniiiKi'iiiciit  of  the  iiiiiioi-iil<. 

Tlie  produrtioii  of  iiiidrndiii.  garnet  liy  (■oiitact  nnt;iinorplii»iii 
in  iKiicnN  rocks  iiiiriidcil  l.y  Ijiier  eruptions  is  uncommon,  but  Ikh 
licoii  noted  iiy  Brook'  in  \ulcimir  rods-,  nnd  evin  in  •;ninodiorite, 
wliicli  were  intruded  hy  yoiiiip'r  griiiiitic  rocks.  It  uppcira  that  in 
•lii>  in>tiiiuc  a  Inrjrc  part  of  tlic  cdii-titiients  of  tlic  yarii.f  wa- 
iiitroduced  liy  .-nlutioiK  derived  from  tiie  yoifnRcr,  intrusive  rock^. 
In  the  doiKjsits  on  tlie  divide  hot  wren  Cottonwood  creek  nnd  Che- 
inainiH  river  tlie  garnet iferou>  and  iiiinernli/ed  lied-  ocnr  iiittr- 
lied<le<l  with  the  tiifneeoii-:  slates  of  the  Sicker  .series,  the  l.uo  forni- 
iiig,  as  mentioned,  a  rapidly  alternatiiijr  series.  AltlioMjrh  a  siiuill 
inclusion  or  lentil  of  limestone  was  noted  hy  Mr.  Allan,  a-sociated 
with  the  rock-  of  the  Sii-ker  serie-  on  .Mon  !ireiiton,=  in  no  instaiie, 
lias  limestone  heeii  lin|c<l  interhedded  with  "iie  stralitied  rocks  of  tlir 
Sicker  scries,  and  it  seems  improhahle  that  at  the  one  locality  lin:e 
stone  originally  occurred  in  thin  heds  rapidly  alternating  with  rocks 
identical  with  those  exposed  in  several  other  parts  of  southern  Van 
r'ouver  island,  and  that  it  was  entirely  destro.vod  liy  contact  nieta- 
morphiiim.  It  seems  more  prohahle  that  certain  heds  in  the  series 
.•onsistinrj  largely  of  stratified,  tufaceous  sediments  were  more  porous 
or  more  readily  alterwl  than  other  heds,  and  that  these  were  con- 
vertwl,  hy  solutions  uprising  from  the  ranitic  magma  helow  at  the 
time  of  hatholithic  intrusion,  into  the  f;:i>iietiferoiis  ami  niinoralized 
lie<ls  exposed  to-day. 

Further  pnjof  of  ihp.isition  from  snhition  is  fouiiil  in  the  rat^ri 
definite  order  of  crystallizati.pii  of  the  metallic  mineral-  and  to  -., 
loss  extent  of  certain  of  the  ii.ai-nietallic  minerals  of  the  deposits. 
The  earliot  minerals  appear  in  virtually  all  cases  to  have  hem 
those  formed  hy  the  a<'tiou  of  ^(plutiulls  on  the  original  minerals  of 
the  invaded  e.iuiitry  rocks,  n,,taMy  dio.iside.  eiiidot(\  and  ganiel. 
•iarnet  and.  to  a  less  extent,  ejiidote  al-o  appear  to  have  heen  foru;ed 
later,  after  some  mineralization  had  taken  jilace.  The  order  ..f 
erystallization,  or  iiaragcue-is  of  the  niet.nllic  inineraK  appears  to 
have  heen  magnetite,  pyrrhotlte.  iiyrite.  and  ehalcopyrite,  A  viinilar 
liaragonesis  is  of  vM-y  ueiier.d  occurrence   in   all   mas.-ive  ore^,  an  1 

1,  ,.' ''•   ^^     Hiock.   Pr.iirnin.iiy  Report   on  the  Boundary  Creek  distrin, 
U.(.     buinmary   Uci,<,ii   ),.i-   190:.'.     Owl.   Siiivev.  Canada,   pp.  108A-1O9A. 
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hiis  Imtm  ii,.t(Ml  l,.v  iiiiii.y  (,I,-K"r>.iv  in  niaiiv  Jitforoiit  oro  .lopoBit-.' 
aii.l  is  iiri)lml.l.v  .liic  to  a  ilctiiiilc  i.rdci-  .<f  M-v-tiillizatioii  from  the 
ii:<tiil-licariii(r  M>liiti(.ii-  a'cnpliiiy  U,  a  <lcriiiitc  ^dliition  law  not  ai 
pri'seiit  well  iin.lor-toiMl,  >iiiuc'  tin-  vaiiini«  factor-  coiiln.llinp  tlic 
iT.vstnllizatioii  of  iIicm'  iiiiiural,-  from  s-dliilion  liavc  not  1ii'(mi  di'tcr- 
miiioil.  Ilowcvir,  maKiiititv  i.ml  pvn-lu.tit.'  virr  (Icpo-ilcd  fir-t. 
while  lorito  ami  cliai.oip.vritc  w.ic  u>iiar.,v  iI.im.mIimI  later.  'I'liL*  ]a\^ 
app<'nrs  to  liave  licen  of  con-idcraiil.'  importun.r.  not  only  in  detir 
mining-  tlio  tpxtnro  of  tiu'  ores  Imt  in  dctirminiiifr  tlioir  cliaracu  r. 
Tliosf  near  tlio  sourc-o-  of  the  solutions  that  i-  ni'nr  the  '•ontact- 
with  the  firanitif  rocks,  whi<'h  w.^ro  foriii<Hl  diirina  tho  early  stu>:is 
of  deposition,  were  rich  in  niasnetiti'  and  pyrrhotite;  while  tho-e 
formed  diirinR  tlio  later  sta^'o-!  of  deposition.  (]<-p,,sit(vI  from  solu- 
tions rnriolied  in  pyrito  ami  dialeopyrito  through  tlio  lo-s  <.f  maRn.- 
tito  and  pyrrhotito.  ti>nully  at  some  distance  from  the  sour.-o  of  tiie 
solutions,  in  the  njiper  jiortions  of  the  eontaet  mi4ani.irpho-<'d  zone-. 
were  relatively  rich  in  pyrit.  and  chalcopyrite.  A  similar  eircuhi- 
tion  of  solution-^  has  heen  emphasized  hy  rp.-i-nl  wri,, 
l.indfiren,-  and  explains  n;ost  idausihly  tlie  zonal  di-.tno,il  i,„  <f 
different  type-  of  ore  deposits  ran^'in^.•  from  tli(,-e  formed  unuer 
ifrneons  and  doep-.seated  conditions  to  thos..  f„rme.!  under  >urfae,. 
I'onditions. 

Coii.bisiom  ami  chi.s.sifiraHon. ~r\u  .■oiicluMon-  readied  regard- 
ing' the.  deposits  are  that  they  were  dooo-ited  in  eontaet  inetanior- 
pliosed  and  sJieare.l  limestones  ami  voleanies  of  the  Vaneonver  pronp 
from  solutions  emanating  from  the  ma^nnas  erupte.l  durin-  the 
upper  .lursissir  perioil  of  hatholithi<.  intrusion.  The  -olntions  pene- 
trated the  eontaet  metamorphosed  ro'ks  nior,.  r.-adilv  ah.n-  >hear 
zones  or  more  porous  heds,  an.l  the  metallic  mineral-,  and  to  some 
extent  fiarnet,  aetim.lite.  ,|uarlz.  and  cah-ite  rephicd  llie  older  metn  • 
Hiorphic  minerals.     .Vear  ilie  intru-ive  Ii;m.ou-  ro-k-  and  in  tl:e  lim,- 

Aiizona       I'relcssM.iial   l'a,),.r  No.  43,  U.S.  Uwil.  Survey,  1905,  ,).   194. 

!•.   1-.    Kansome.     GwIokv  and  ore  deposits  of  tho   Bisbeo  (luadraHRU-, 
Arizona.     I'rofessioii.i!   Paper  Ko.  21,  U.S.  Gcol.  Survev    19(M 
„     i-    ,V  o^P^'"';    J'"'  ore, deposits  uf   M-,ute  Cristo,  "Wash.     22iid    Ann. 
Kept.     U.S.   Geol.   Survey.   I'lut    11     1901,  p.  838. 

-j/^^^t.^^"   ^^"^K;    I'icli miliary   H(,|)ort   ou   the  Bouiidarv  Creek   di^trl.l, 
**■'";  „?";""""■>■   >'fl«irt   for  190-2.  Geol.  Survey  of  Canada'  ji  1074 

|-^i..-'i'l"    ''''*'>'••,    ''?"'..>.-"''""'    "^  "i''-.i.-p„Mll,.ll    to    i,ll.v-„al    uiiiditioli-, 
hcon.   Geology,    \ol.    i',    1907,    pp.    105-127 

.•>     liljl''**'''"'   *.*'"i<',i"''<'-   i»    '!"■  slii.l.v  of  or(.  (IciKwit-.      Ixou.   (ieol-.-y,    Vel. 
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•tciMs,  tli«:  roplawmcnt^  ucto  liiD^.-st.  Tho  iiutalli.-  niini'nils  lir-f 
||i'P<i-ifed  wiTi!  magnetite  and  iivrrliotiic,  so  tlint  the  flepoaits  found 
iiLur  tho  Rruiiiti"'  rm'kn  an;  not  only  larjjcr  Imt  iiro  charactcriztMl  by 
H  larfior  percentage  of  tlioso  tv  o  mineral-.  By  the  removal  of  inng- 
ni'titu  aii<l  pyrrhotilf  ti.e  solution*!  wer.'  enriclu^l  in  pyrit^  uiiil 
vhalcopyrite  which  deposited  fartiiei-  away  from  the  actual  conta<'t 
with  the  granitic  rocks,  forminp-  snmller  deposits  which  are  charac- 
terized l.y  a  liiffher  percentau-  of  pyrito  ujnl  clialeopyrite,  and 
oecasionally  hy  sphalerite  and  viiiena.  The  deposits  thn-,  formed 
have  heen  I'racfnrcd  and  reeen;entcd  hy  <piarl/  and  calcitc  veinlets 
and  lenses  which  freciiiently  carry  chaleopyrite.  Hnt  there  has  been 
no  notable  re!irranf.'e:nent  and  enrichment  of  the  original  ores,  and 
all  oxiiliz(>d  orers  if  over  present  were  reniove<l  by  th(!  recent  glacial 
abrasion  durins,'  the  Glacial  inriod,  so  that  no  oxidized  ores  are 
exposed  near  the  surface.  As  a  wiiole  the  depo-its  arc  classified  as 
lielonging  to  the  magnetite-pyrrhotite-chalcopyrite  t.\-pe  of  contact 
d<>P'>'*ifs,  but  the  two  sub-types  should  not  be  ignored. 


(U'neral  nlulii.i  and  fulure  iiosxihililirs. — There  has  becii  no  coiii- 
uiercial  production  from  the  contact  deposits,  and  as  n  rule  they  are 
too  .small  and  too  low  grade  to  be  probable  sources  of  copper  ore  in 
the  near  future.  They  arc  very  similar,  as  has  been  indicated,  to  a 
Willi  r(!<'ognized  t.\n)o  of  I'opper  deposits  whicii  hav(!  been  notable 
la'oducers  of  coi)])er  ore.  '{"lie  productive  deposits  are  much  larger 
than  the  known  <lei>osits  of  southern  Vancouver  island,  and  in  most 
'•ar-ed  they  have  been  enriche<l  by  <e<-ondary  proce-ses  forming?  higher 
yrade  copper  minerals,  bomite,  and  chalcocite.  Kxcept  in  rather 
rare  instances  tho  deposit-  of  southern  Vancouver  island  developed 
in  the  contact  n:etaniorph.  -ed  limestones  near  tlu"  jiTanitic  rocks  are 
too  high  in  nuisnetite  and  pyrrliotitc.  which  could  not  be  cheaply 
-oparated  froui  the  chaleopyrite,  for  them  to  be  of  any  great,  value 
as  source*  or  copper  ore.  The  deposit-  in  the  metamorphic  v<.lcanlc 
rockf!  are  as  a  rule  too  sir.all  and  irregular  tn  be  of  value.  The  mo~t 
Iiromising  type  is  that  in  which  uiagnetit(>  aiitl  pyrrhotitc  are  sub- 
ordinate to  the  pyrite  and  chaleopyrite,  and  which  are  normally 
developed  in  tht  contact  metamorphoswl  linic-tones  at  some  distance 
from  the  ^ii'tual  contact  with  the  granitic  rocks. 
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li'iu.'ii  chaiacier  and  ill>ilnhuiioii.--['\nouix\u.w  t\m  voli'ani.' 
roclis  ot'  tli<.  V^.ii.'oiiver  KHMip  ;ir.-  >.-lii-t.is,.  or  slioaicvl  /cnos  wliicli 
arc  ii:oru  or  Ic"  ininorali/.Ml,  chicily  with  p.vrito  and  clialcopyritr. 
P.vrrliutito  ami  mapnctitc  ur.-  trcM|u,Mitl.v  prosciil,  aii.l  iiion?  raivh 
lioriiite  and  clialcHitc.  A-ofiatcd  with  the  iiiiiifralizrd  she  .r  zone- 
aru  -mall  \<iii>  ami  l,"ii-f~  „f  ipiaru  uhicli  In-qiiently  contjiin  cluil- 
fopyrito  and  the  other  im'tidlic  minoral-.  Sp\cral  chiims  1-ivo  h.oii 
talu'ii  up  on  tlH-^o  niincralizpd  shear  zones  and  some  of  them 
appeared  to  he  .piile  promising;  pio.-peet.-i,  hut  in  n.i  iii~iftnoe  h:i«  any 
larfre  hody  of  payahle  ore  heen  located. 

A  iarpe  ininiher  of  the  .Icposit'^  invur  in  the  ^ehi-to-se  rock-  of 
the  Siekor  forie-,  thron-ihont  (ho  helt  underlain  hy  thpin.  'i  ho  priu 
eipal  dei)osit.s  oeeiir  on  Mount  Sieker.  .\roiiiit  Riehi>rd<,  and  Mount 
Hrenton,  and  are  more  or  le,-  c'lo^ply  rolnteil  to  the  Typo  ore 
l-edy.  which  al-o  occur*  in  tlie  Sicker  schist?.  Tho  niotallie  minerals 
eoiisi-t  chiotly  ..f  chalcopyritc  and  pyritp.  hut  hornilc  and  chalpocii... 
Hi  \\(]\  a.^  sphalerite  opeur  sparinyrly.  Pyrrhofitc  is  frpqucnllv 
abundant,  and  nuifiiiptito  is  smnctinies  proseui.  Tho  },'aii(?uo  niinoral- 
are  ehietly  iiuartz,  hut  harile  aK..  oc,  urs.  showini?  tho  relation'  of 
tluse  dfiK^Mts  to  that  of  thp  Ivcc  type.'  The  ■■ahhro-diorito  porph> - 
ritp  which  is  intrusive  into  the  -c-hi-l-  of  the  Sicker  series  frequentlv 
contains  finely  .li-seminattxl  f,'rains  of  (.'lialeopyriti'.  ami  possiMv 
•^oiiip  chah'oeite.  .V  larae  area  of  the  fraUhro-diorite  porphyritc  ~ 
about  -J  SMuaie  miles- exposed  on  Blount  Kichards  to  the  north  of 
the  T.onora  railway  is  r.-nortod  to  assav  as  hi-h  as  one  per  cent  of 
copper. 

Similar  imprepualcd  schi-1-  ur  on  the  south  -lojio  of  Mount 

^l>in.  ;i  niile  to  the  iiorthea-.|  of  OohKtrean;  -tation.  in  the  .seIii>to-e 
pha-es  of  tho  Vancouver  volcanics.'  The  niinorali/.p<l  zone  ii  out  hy 
small  irrpenlar  Iciisps  of  quartz  with  more  or  los^s  phnlcopyrite  and 
pyirhotitp.  On  tho  'Brass'  njineral  claim  of  the  Juhilpo  jtroup. 
whicii  is  situated  near  the  headwaters  of  Oreen  river  in  Uunsirnir 
di.st.rict,  nn  imprctrnatpd  shear  zone  in  t.h(>  Vancouver  volcanics  i. 
cut  by  a  quartz  vein  ]«  inches  wide.  Mrikiiifr  N'  KV  E  and  trnconhlc 

'  Sw  page  182. 
•  See  page  5*i. 
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tor  lUnHit  ."ill  Icft  iiloiiir  ilif  (uiicrcip,  Tlio  vein  iMrric  .<  pyriic  aii'l 
ihuliopyritc,  pvrito  boiiitr  L-rcMtly  in  cxoefl'. 

MiiiPrnlizi'd  .<ln  nr  zuiio  oi'cur  in  the  Vnncuiivcr  volcnnii--",  cv- 
|mis<m|  iii.nifr  llic  u|i|M'i'  imit  i.l'  tin-  <l(ifii..M  -.luA  Niliinit  riwr-,  in 
wliicli  pyritc  i«  tiio  i>rin<i])iil  rnotiillic  minornl.  'I'ln-  ^llOilr^•c|  ricU  i« 
ll^ll;llIy  ({riiitly  altoriMl,  connuonly  to  a  Km'  t;>'»'i'iil  ii'.'irri'iiutc  ..t' 
iliiartz  anil  ^ericitc.  On  tlic  ^iirl'i\<o  ilic  wlmli'  imprtKiiiitol  /one 
wontliof^  til  ilci'p  iiilili^li-linnvii,  -n  tliiit  tlif  niinrMliziition  nppciir-t 
-iil)crtici:illy  to  lie  iiuii-Ii  iimir  i  \l(>n-ivi>  llniii  it  ri'iilly  i-s. 

Jn  till'  .Motchosin  VDli-iini'-J.  giii'iir  ^uui'-i  with  :\oi'oinp,iiiviii^' 
ipiiivt/.  (itrinpcrs  vliirli  iniry  n:i'liillir  miiurnls  oi'cnr.  iiltiiouBJi  tlu\ 
arc  not  nvnncrmis  except  iiciir  tlic  inlrii-ivc  .-toi-k-  of  Sooko  ^hMt'  . 
Those  whicii  nrc  iipiiiirently  i-flatiil  to  thr  Sooke  (ralilu-o  arc  ih-- 
iribi-d  under  the  special  Sooko  typo.     An  exainiile  of  the  ilepoMt-i 


t'pn 
ro.  i-i  expfi>ii 
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which  are  not  closely  ass-miateil  with  tlio  Sonke  (jahi 

on  a  small   tributary  which  onti-r-   tin    .Ionian   river  from   the  pn^t 

abotit  .')   niilus   from    its   mouth.      I'yrit 

cliah 


o   witli   some  pyrrhotito  auil 
ipyrite    occurs.    inipreKriatinj;.    ami    to    some    extent     replaiiin; 


narrow  sliear  zones,  the  strikes  Imiun  X  2.1''  IC  an«l  N  <>(>'  \V.     Tlic 
fheared  rock  conpi^t.s  chicfl.v  of  tim-  urain&l.  prisii  atie  nralilc  unl 

'crystallizi'il 
lear    /niio-    are    quartz    strin;;.  rs    \i|i    to    ) 


chlorite,   with   very   fine   (jrain-   nf   ipiartz   and   <'le;i 
feldspar.     I'uttinfj-   the   si 


inolios  wide,  which  larrv 


ill 


r-tals  of  11 


vrit 


lalcopyi'iii 


In   tho   Sonke   jrabbro    arc    wide    shear   zones    which    have   beei 
iniprpfrnated  and  ])artly  replaced  by  chalcopyrite  and  oilier  mefalli 


iiineral?.     The  tv 


pe  lias  many 


laractcri-ti 


important  than  any  i  ''  llic  other  -hear 
•^ejiaratoly  as  tho  Sooko  t>'pc. 
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aryc  number  o 


)f  ehi 


/line  ili-po-lt- 


stakol    oi 


.  and   i 
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ilepiisits  near  the  lic;idwatcr~ 


•  iMiiklin   nver  an 


d  (• 


a    sroup 
inn   creel;. 


;\lbpnu.  Dunsn 


and  Barklcy  districts.     These 


dam;-  weri^  n  ' 


b, 


visited,  so  that  their  character  i-  not  known.     Sonie  nf  thein  iimy 
contact  di'io^its,  but   it  is  prdiable  that  they  are  chielly  inipreeiniKvl 
and  partially  replaced  shear  zouos. 


ficMis/.v, — Tlie  a-s,,ei:itiMn  of  metidlic  inim-raK  and  thi'  chiir 
actor  of  the  nltoration  of  tlio  oriirinal  miiui.ils  of  the  -beared  rock^ 
intlicate  that  the  mineralization  tnok  place  under  cmelilions  of  hiL:h 
temperature   and   iires-ure.     The  date   of  the  minciMJizalion   can   Le 


ii  riii;it\  \  \\i  Ml  vK.ii  i>i,  \\i. 
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.Morniiiu.,1  ,,,,1.,.  ,|..|i.,it,.h   -i,„v  il,,. I<,  „f  tl,..  VniMouv,  rKr..,i|,. 

■  i:  |,iirt  ,.f  l,,u,  !•  ,liir;i"i,.  :,i....  „,v  „,;,„  r.ili/..!.  ,n„l  fn,LM,„  i,t~  ,,('  il,,. 
iniMiTMli/..,!    r.M.ks    .-.n"    C.imnI    in    il,,.    1,:,-.,|    rounUmuv.ao*    ,.(    ihy 
.V:miii.ii„  lonuMtioi,  of  iipiur  Cvin,-,  ,.,1-  ,m,..     ||,.,„v,  il„.  ,nin,r;il 
i/.itioii  i,  iM-i-lnw.r  .hiiM-i,-  iiiMl  |i|-(-u|.|Mr  Crriiiivuu-.     Il  i-.  ili.rn 
inr.'.   mere  n,-   1, -s  <  i.iii,  11  |  ..niiii'..ii-   uiil,   tlif    ii|,p,.i-  .lunii-ic  aii.l 
I-sMl.ly  luu.r  CrHiKPn,,.  p,.,.i,„|  ,,|   l,i,tliolill,i,.  Mii.l  ,l,vU,.  intniMoli. 
^ili.l   >ii,r..    ii„.    „n„r.Mli/nli.m    look    pi;,.'.-   ,it    lii«I,    t.-u,p,T.t iirr    nii.l 
pr.'-mv.  it  i-  .-iliMo-t  .■.rnunlv   .-In-dy  .■n„nr.'l,.,l  \;it|,  ,1,,,  l,;,tlinlitl,. 
:ai.l    .l.sk,-.    vl,i.-|,    „,.,.    intni-iv,.    into    |1„.    fork,    of    t!„.    V.,,„'ni.v.T 
uroup.      i)oul,il,.>.   ,,,<■  luruvr  niinil.rv  „(  tho  .lop.wit^  aiv  iv|.,l,-,l  t.' 
tl..-  iMfholiih-    of   the   Wr  k.    I!,.;,l,.,   uM.I    Sa;,ni.'h   tvp,..'    ,„„1   ,•„„., 
I  lie-.,  l.iitliolitli*  uro  \vi,li.Fpr(;i(|  and  very  ii;Mii..roiin.  tl,o  iiiini'rnli/a- 
li.^ii  is  .orre^poiuliiiply  (■.\tcii>i\v.      I  li,.  drpoMts  in  tiir  Sirk,  r  -n-i,  - 
iin.    pn,l>Ml.|y    ivlato  1    to    the    ^^aM.i-o-diorito    por,,hvpit  ■    iutr.Hioii-. 

v.lu.'li    llu'in-clvo-i    itairi    sii..|i    a    iiotaMo    pcri'i'iitaK.'    of    111.  tallir 

minerals.  Simv  tl„.  n.in,.r;,li,alion  of  tli,.  Siek.T  ^.ri.s  i^  vrvaln- 
than  that  of  any  othor  fonnali.m.  and  -inc..  it  1,  (■hai-a,-t..riz,.,l  l.v 
the  CTHMonai  piv-on.v  of  hornilo  and  .■huleocit,.  and  of  l,i,rit.,.  it 
i<  pn>haidy  ndatod  not  .,nly  to  the  ^^ahhrn-diorite  porphyiie^  ii.trn- 

-ne    into    l!,e    Si.-kel-    -el-i,-.     l,ul    ;d-o    |,,    ,1„.    'ly ,,,    depo-lf. 

<:i,-,wv„l    ,l,ih,s    <,n,l    fnhn.'     i,o^s,!.ii;ii,:.     Although     a     «reat 

numb.T  of  .lainw  havo  h.Mn  taken  i n  the  shear  /one  deposits  and 

-onic  of  tlu.n,  ,level,.ped  slightly.  then>  ha>  Imcii,  a.  nioi.tioiie.l.  no 
"'""""■'■'•'"'  l"''"l'"'t^  n.  and  n..  lai!:e  iM.i-.i>tent  hodi,.s  of  ore  Imx.- 
hyen  loeated.  The  ]■  .  frra.lo  ehara.'ter  of  the  ore.  ,,yrite  and  pvrrlio- 
nto  greatly  predo,ni:,,,lin.i.'  over  the  eoppcT-hearin^-  miner,!-,  and  th, 
irroyular  e],ara.-ler  of  the  depo,it.s  niako  th.ni  in  n,o,t  ia^tmee, 
ininrohahlc    -onree.    of    eoppe,.    ,„,,    and    their    futurn    prospcetinu 

eannot,  he  neoni.nen.led.     Tlie  pre^en< f  horniie  an.j  ejialeocite  in 

the  sliean-.!  and  schistose  /one-  of  the  Siek.T  serie-,  and  the  lireat.T 
extent  of  tl  c  ininerali/ation  make  the  area  nnderhiin  hy  ih,.  Siel;,.r 
-fries  more  favoiiralde  ]iro-i-petinji-.  It  is  (hmhtfnl  if  ev.  r  the  shoar- 
/oii(>  type  of  deposit  will  h,.  fonnd  of  (svnoiiiie  valii,-.  hut  furtli.T 
pri>speet.in^r  may  load  to  the  dis.vv.Ty  „(  another  leu-  ,,f  ore  of  il„. 
Tyeo  type.  Tl.e  assoein'  '  {rahhro.,|i„,.it,.  porphyrite-  with  tlnur 
-nail  p,.reentaf.-e  of  ehaleopyrite  and  pr.--ih]y  ehah'oeite,  ar.'  al-o  a 

'  Seo  page  95 
■  See  lniKo  7S. 


174 


liKllllM.ll    M      SI    in  I  \       (    ^\  y,\,\ 


po^!<ibIl•  Hnitif  of  i-cil.p.T  on  .  I..r  altliniiMli  tlio  lur.viitiiuc  ol  .■,.i.|„.r 
i^  Hinall,  jct  t)ip  ore  i*  of  >iii«'li  ii  cluirii'i.T  n-  t..  Ic  rtwlilv  nn.l 
difnply  ionitiitriite<l  l>.v  oii'  (lri'i.-iiiK. 


MiuKI    TM'i:. 

Ilinrral  rharadvi-  and  dislilhutioii.  l)i,  i!,,.  Kn^t  Sooko  pniiii- 
sulii,  (I.v<>li.p(>.l  ii-iiiillv  ill  >lifiir  /oiioi  of  tlii»  Sookp  jfiil'liro  un  1  .li- 
trilpiitc<l  throiiKhoiit  tlio  itiihhro  -to,'k,  iiro  ilcpo^its  of  lo.v  ^rra.l.' 
<()pp.>r  ort'i.  'I"!.!,  ore  iiiiiuTiil  i-^  c'liaL-opyritc.  Assoi-iufcl  witli  it 
iirc  p.vritr.  i.vrrhiitilv.  and   iiu't'iicli;...      I'vritf.  |..\  irli  .|  itc.  mm. I   i.i.i- 

iit'tit.'   o<-<'iH'    i-lii(  ilv    ill    larjrr    iiia-c*    Hlii,.li    un nipo-cd    |.!;no«t 

I'litiii-l.v  of  iiiotiillii-  iiiiiiiTiilH.  ('liiiIi'o|)\rit<'  orciir-  cliicfly  ill  wi.l, 
slii'iir  /one,  tliroiiKli  whirh  it  i^  di— oiiiinalcil  a-  -nudl  )>iil.lM -. 
lenses  or  Vfinlot^.  Tlic  oiilv  iiii|>iirl.mt  tiaiiirur  minrr.il  i-  li.rn 
Mrii.lf.  Sinfo  the  clialcopyrito  i-:  ii>niil)\  di-~i>iiiinati'd  tliMiijili  «i,lr 
zones  of  slauireil  nx-k,  llic  dopci-if;  iirr  l,,u  ;jnidc'.  Tin.  ,,ro  iniiKTal 
I'liuM.  howcviT,  1)0  fiii^ily  concentiiitcd.  luncc  tlio  (Ippoait*  are  nf 
i;roat  imrsprctivo  value  At  present  l.ni  llitlc  develoimieiit  wmk  !i;i- 
Keen    diini'. 


.l/j'/(.r.(/o.///.--Tlie    ou'tallii'    ;iiinrr,d-    lire-enl    are    c-li.tle,,,.\  riie. 

luau-netile.    i.yrrli..f iti',    and    p.\rile.    and    nativ. in^-r.      Ti;,.    ii,,l 

nietallii",  calipne  minerals  are  anipljiliole.  ehl  ,i-ite,  feldspar,  and 
qnartz.  Clialeopyritc  is  tlie  oiilv  inipnrta!if  eopperdicaring  tniiu'ral. 
as  tlie  iron  sulphides  prdlialdy  d..  imt  (  .niain  anv  appreeiai.le  aio..iiiii 
of  eopper.  ('halcnpyrite  oe.-ur-  in  sina"  di--eniiiuit(  il  grnin-'.  inlmit. 
w-iidets,  and  in  larirer  \-eiii-  and  ii,a~-<-.  In  ihe  ~liear  /..ne  d,-;„,-ii- 
it  is  nearly  free  from  the  ,,tlier  -uljiliides  alfhonfrli  mai^nrtit"  i- 
present.  Tho  <-hnleopyrite  has  i-r,\-talli/ed  laler  than  the  as-.Kdal,,l 
hornhlende,  eiittinp  the  Iioriddende  in  veinlets  and  aNo  inelndinv 
it.  It  also  in.dnde'^  iirain-  of  an  nntuinnrd  fcdd-par.  pn.Kably  alldl. 
nlifroeltts*'.  'I'ho  m.i-sive  ehalcopx  rite  was  n..i  a-^ayed.  hut  aiip.  ar- 
tM  ho  iionrly  pure.  Fn  the  lame  ma-es  ,4  metallic  uiiiieral-.  .hal 
eojiyrite  is  very  suhordinale.  It  oeenr-  in  veinlel^.  eultinp  enelo-id 
niHs<os  of  hornhlende,  or  disxjniiuated  throuHli  the  massive  niai;iic 
tite,  ami  iivrrhotite.  Tho  ehalenpyrite  ha-  <'rystalli/i  d  lator  than  the 
niaprnetite  and  p.vrrhotito,  aiicl  with  ihe  exe(tpli,,n  ..f  i|uart7.  has  1".  n 
the  last  mineral  to  form   in  hc.th  ty]H\<  of  dcpn^iit. 
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Ii-i.vi'^i   1)1,   till-  eilKes.      Til, 
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P-  111   liari'.iw 
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'I'  till'  aiiiphil.ol,.  i,  aliiTnl 


ii'ar  /oiii.. 


;.'raiiis.      Ill  II   f,.(>    ,,|' 


iifiirly  piii'o  111,. lain,-  iiiiii,.ra|- 
tVvv   iiiiliiiii'il 
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.ili^in'la..«'),  at 


'i-iil.l 


.-11  that 


riiilili'-.      In    fl 


till'   .iiiiphil,,,!,.   hiis 


liOl'II    I'cl 


the  -lii'jir 


ri.-iiiatii-  ^rain,  i~  n-  ^.j, 


zi'iirs,   aii>,'lti 


iii'imI    In    a 
ill    -iiial! 


iiii'liilif  a-  tliH  am 


■ati's  in  the  -] 
111  zc'iiliti,'  ll  ill, 


pliilinlc. 


ifar  /..111',  aiT  IVlil. 


I'lir  (probably  all, it, 


iita-e  i,f  til,'   riK-k,  ami  i~  a"n.'iat|.,| 


'l-pai'   !..i'ms  niiU 


II  -mail 


ith  til.  larr,    Ma.l,  ,1 


iniM, 


itli  tli.>  I'liali'iijiyrite 


•^ 


ami  im 


"'-  ill  -mall  strinper 
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1,1  nl.iN.li    M.    Ml   |l\  t.\  .    I    \\  \tl\ 


ihriMiitluiiit    llir    -.liiiir   /MMc«.    lull    i-    iili-iiil    ur    iii'iuiiitii-iiiit    In    tlii' 

lllil-»ivU     tV  I I'     ill   |HI-itH. 

i'liitniil •  r  o!  ili'iitiailM.  —  HvliiliiHii  hi  riiiiiilru  ruck.  --'\'\\q  Soiiki 
ill  iiiirtit^  lire  111  lu  1  tyiH-i,  ili-'-i'iiiimitPii  <lmliM|i\  rile  in  pliciir  ifniu". 
.iml  larui'  iiri'uiiliir  11111--1  ■•  nl'  nirtallii*  iiiim-iiil-.  'I'lio  forniiT  i*  nl 
ill.'  vsriMlii'  iiiiimrtiiMi'i'.  Mu-t  "('  till'  «lii'ar  /nin'-i  tliriiiinliDiK  lli' 
•^  ilililii    -ti'i  k    ale    II dl-i'    IT    li  *-<    illl|irf'(Hlilti"l    with    i'liiilrii|i.vriti',    liiil 


til     liir:ii'    li.ivr    :iii,\    ii  iiiiiinTi'i  .1 1    i  liiiii  mI  ain'i'.       I 


li"*!'    Iiri'    WrI 


liiicil,  mill   \ar.v   in   wiiitli   triiii  a 


trw    fi'ct    nil   t 


|l    III    l>lll>    Wllll'll    l-l    III 


|i  a»f  '.'."lO  111!  uiilc.  'I  lii'v  iiri'  |i«'i-i>lilit  iiiiii  laii  iisnallv  lie  fnllourl 
I'l'  "I'Vc-r;!!  Iiiiiiilrcil  fcrt.  'I  III'  lar:;i-t.  lliat  I'xpi  -iil  nil  thi'  Miirjjiiri'i. 
•  '•'I>liir  Kill):,  mill  J'.urrUa  tirini-,  i>  iran'iiMi'  fur  nl  ii>a-t  J.riiX)  fn  i 
'I  III!  !-tril,i'  i.l'  lln'  lal•^;(  I'  -linir  /mir-  varii'-t  wiilflv.  luit   ilurn  nri>  Ivv 


liriiii'i|ial  -.'N,  mir  liaviiiy  a  -lri!»r  iirar 


\  I'l   !•; 


illicr  lie. 


\    7."i     I'.      I  lii-ri'   i'l  I'ver.v   nii-i'ii   lo  lilii'Sr  ilint   ihr-i'  -lu-ar  zmir 
rxliiiil  t"  loii-iili'ialiii'  ill  |illi-^.     I'!rii-ii.n  i..!-.!  t'r"Kri"'«iMl  inori'  ra|ii'lh 
iilnii;?  iIm'  -licar  /iiiii'~  -11  that   llir.v  ari'  iiiiiri>ril  liv  .small  viilli'.Vi<,  aii'l 
all  iiw    till'    slioro    li.v    iiarru'A.    wiivi'-iTimIi'iI    rlia^iii-.      Tlii-<   iTn^  on    i- 
IT.iliahl.v   il'.ii'  iiii.ri'   In  the  >ln'ari'il  I'liainili'i'  i.T   ilic  nx-k   lliaii   to  lli 
|iii"iiiii'i'  1. 1'  ia«ilv   i1i'cmm:|)iis('iI   -nl|iliiili'-.   -n   that    slirar-zniii'  ilia-in 
1  iiiiMiit  In-  lalviii  a<  any  iinlii'atimi  nt'  tin'  [in -nine  iif  on-  niini^riil-. 
('liiil<ii|>.\  rill'    iHiiir-'    ili-lriliiitiHl    tliron/^liimt    tl iitirc    i<lii  ar 


iiii',  liiit    liH'   juri'inla'ji 


wlii'lii   -iii'iir  ziaii'   i-   diiiiill.  rari'l\ 


ii;i'ri'  tliiiii  .'  pi  r  ii'iil.  Till'  aiiiiiimt  nt'  cliali'iipYrilc  vario^  trri  ntly  in 
ilillVniit  -luar  /niii'-i  ami  ilillcriiil  purlinii-  nf  tlio  -aim'  yniiiv  'I'lu'r. 
appoar  tn  hr  lullir  \aliir-.  in  nm-l  ra-i'-.  near  tin-  wall-i.  fii  mil' 
"111' ca-ii.  .'11  llii'  Willnw  (irmi-i'  riaiiii,  «a-  a  -pri'ially  I'liriclinl  ,lioi.l 
iiiitnl.  Tlii-  -li...,t.  :|,  iNpn-i'il  liv  a  -iiiiill  -liat't  ami  ilrift  i^  al.niii 
7  li'L't  wiili'.  ami  rarrii'-  a  rrlativily  hiL.'li  pi-ri'i'iitatrc  ni'  i-Iiali-opvrili' 


r 


•llnl     ili'pii>|t. 


•iir-    at    llii'    jiiMi'liim    i.f    luii    wril    ilr 


al-i)  oci'iir-i   iii'ar  an    inlrii^ivi'   iiia-i<  of  tlir  iM\ 


-hi'ar  /mil'-. 
.iiiTtJiii-iti'. 

Only  t\\"  t,\  lir-  of  llir  ii:a--iv«  lyno  ari'  kiioun:  oni^  oii  a  I'laii^ 
nil  ,-t'i'tiiin  ^:!,  ami  llm  ollar  at  Iron  mount  ii:i  ('-in'tiii:!  T'.M,  iioo- 
•  I'l'irii'ii  point.  'I'lii'ii.'  two  di'iio-it-i  liavo  lict-n  riiippo-ioil  to  lio  I'oii- 
liiuioii-^,  liiit  this  i-  very  iloiilitfni.  At  Iron  iiioiiiitaiii  tlm  iiii'lalli' 
minoral-i  liavo  Imcii  iIom  lopcil  in  a  -Imar  /one.  ;!()  to  10  tVet  wi.li-.  in 
a  lias^ii-  I'pliltii'  Lial'lii-n.  I.ai'uc  hlailiil  licriiliK'nilor*  arc  thn  only  -ili 
i-atc  iniiioral-   that   arr   proiiiiiii'iit.  aii'l   tho-o   arc   iimlii.li'.l   ami   ar. 


hoi    I  I1MI\     \  \\(  ..I   \  t  I,    |,r.NM> 
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I'l  I'i'iii  mil. Ills  |i|.| 
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lin.tl.v  l'..||.,»iii«  tl 


•I'  lii.t  ...liit 


•J  tilt"  -..hdiH.'iil 


Kill-',  <  itlicr 


iiv    ».Tc    ),r,,l.iil,ls    f,,riiic,| 


"'i"ii  -f  til.-  mij.l.ro,  till'.,  .uli  tlio  inlli: 


■iifk,  rci  r\stiilji/iinf  »l 


I'lmd  .,r  :.'ii-. oiH,  nctii 


II'  li.i^i. 


iiiK  .-r  urtiuill.v   .•(itilt.|i,|i„i.||ii,.,,i,.  „ii|,  ,1,,.  ,,| 
'•iirr.viiiK   iii.iuiioiit,.   aii.l    -iil|.lii,i,..    ,,)• 
'lined  nil. I   III,. if  I.,, litem 


III;  ..ii  ll;c  -lieiirc, 
ii.|ilii..|il,   iiii,,  iiii,|,|,ii„,|,,      l.',,|i,,^ 


M'  eliiiii:;,.^,    ..iliitjr 


if.iii    ami    c',.p|)|.|- 


iiitrii 


tllL'    "lll'li 


•<   u.  r.'  .Iep,.,it.-.l  (U  ,| 


"■'    "'III'-.        I  lie    ll.el:ll|i,.    Iiliuenil. 


'.lilt   ill   ill,.  ..riuiiml  ^..|,l.|.r,,  ,,|. 
r;;rigiili..,i   il    ill,.  |,riiii,,r.v  khI'Ii 


l.-:-elllill;lti,,||s     tlinniKll 

iiiii.v   have  I,,  ,.|i   ii„,r,.  ,i|)iii|. 


iiir  eertiiiii  i>(  tli. 


.t     Ml.'ll 


M.m-e.n-:ili.iii    ,,|. 


e<i.  ;',.in...    f.iriiied  li.v 
n.   iiiiiuiiia.     Tl,,.  ,,|,|y   |i,.|,|  ,,vi,|,.,„.,. 


MKliboiirli.i.i.l  ..|   till.   I 


i-lfiej|||,)i,    ,,|    f|„.   ^r^^[ 


KiilH.n.    U',1,    ii.itcl    ill    1 1 
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1-  M.r\    p,,s-il.l<' 


-em-eBllt^.n,    I. Ill     it    ,||„,    Il 


'»..«  It-  ..\i.t.i 
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lei-  111  part  t. 
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•II    iiin.-lii 
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■»ii  l.v  111,.  -Hi,..,,,.,  will,  ja-«...|.  irr,...M,||„.  ..,.  „,„ 


lal    ai',.    iii..|ii,|,.,|    ill    ,1,,.    III,.,., Hi 


iiiH.-sivc  elia|..,.p\ril.  .      I  h,    I, 


ii.iiiera!< 


il'L',.   Ilia--,  ; 


iiave  ii|)piir(.iit|\ 

most  c'tHi'ieiit.      In   tl„    ,|,al 


■f    -lllplli,!,.-    ;il|,l 


eviii    ill    il,, 


iiuiKi'elit, 
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ipvrif,.  ,|,.p,,.i,s  iiiarke.l  rtpl 
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pin.-.iiieiit   ..I 


il  I'la.. ilv  II,  ar  tl 


I  loll  of  t 
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'If  at  till'  inti 


"1.  >li..,,r  /i,iii.-. 


•lie  nil  t. 


■v\   ....ii-i-hi-jl,!,.  cM,.,,,. 


'1''' UK  111   ..t"  til,-  l\.|,l-par  ha-.  1,. 
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Kveii  lift.  I-  tlio  i'oriiiatioii  nl  tli.'  '  li.inibleiiilitfs '  in  the  -lieiir 
zones  slipping  bus  occurro.l,  ns  is  shown  l.y  tho  abundant  sliekon- 
siiies.  Tliis  niovt'iiicnt  coiitiniiully  oix-nod  up  new  passages  for  tlir 
solutions,  so  tliat  tlie  nictalli.-  niiiuniN  coiitinnally  workoil  their  \va> 
further  into  the  shoareil  vi..ls,  ami  more  and  nvn-  ooinplctely  filiiMi 
llu'  small  interstices  hituccn  the  lioriihlondo  crystals. 

The  paragenosis  of  the  iniueraU  of  the  deposits  always  show- 
elmloopyrite  to  have  been  formed  last.  This  feature  is  n.  '  charae- 
teristie  of  the  ores  of  this  di-triet  only,  but  is  of  very  general  oecur- 
reiiee  in  similar  ores,"  and  has  been  e.\plnine.l  as  due  t  >  a  detinit, 
order  of  erystailiziition  from  inetal-bearinfr  solution.s.  On  tlii- 
lls^^mlll)tion    tlu-   most   probabl.'  explanation    of   the  ,-li(ar-/.oiu'   typ... 

whirh   is  comparatively   fi-, I    the   valueless  sulphides,  pyrite,  an. I 

pyrrhotite.  appeai-s  to  be  a>  follow-:  The  nietal-b.>arinft  snlmion- 
deposited  tlie  greater  part  of  their  e,>iiteiits  early  in  their  iiro-re- 
upward  through  the  sheared  fiabbm,  or  as  they  radiate.!  out  rren 
se}jreKate<l  imisses  of  m.^tallh'  iiiiiiorals  and  replaeed  the  silieati - 
readily  and  formed  i^ueh  masse-  a>  that  exposed  on  Iron  nioiinlain 
I'he  deposition  of  the  iron  minerals,  and  the  replaeement  of  tli. 
-ilieates,  h'ft  the  -oliitinn-  eiiriehed  in  copper  and  silica.  Tii.-r 
liciietratintr  iartlier  into  the  -hear  zones,  deposited  nearly  pure  .  liai 
eopyrite  and  .piartz.  Where  the  solutions  were  especially  viuorou- 
111  their  ai-tioii,  aloiii;'  the  main  channels  of  circulation,  that  is  iie:ir 
the  walls  of  the  shi'ar  /on.-,  and  alon.n'  tli.-ir  int.  i-.'.-tions,  rephi.'e 
ment  .if  tlu'  horiibleii.le  .n-.-un-.-.l  an.l  tii.'  enrieli.'.l  .{.■p.y-its  of  .•ha!- 
.•ojiyrite  were  thus  f.irm.-i.  S.dution-  .,f  this  ,-am,.  .-hara.-t.T  .-•, m 
to  have  penetrated  al-o  th..  -luar  /..lu-  in  th..  ..vei-l\  In-  ao.l  inv:,,i,.,! 
.Metehosiii  basalt;* 


'\('i'l>  imi'  ail. 


'■'enrral    .•<laliis    and    f.ifiii;-    ;,ti.s.s(7.(7/7(',.,s-,--s;,.veral    cl.iim.s    h.tw 
be.Mi   lal<eii   up  ..n   the   Sooke   .l.'po>it-,   and   nuiiierous   pr.>-p,..<t    pit 
have  been  ii;ade.  but  n..  miniui;  has  been  I'arried  oii.  and  only  a  mi-.v 
m.^ayre  am.>iiiit  of  .li.velo]>i'    nt   work  has  h.'cn  .hm.'.     Ore  iVoin  th. 
Willow  r,r.)use  and  Hlii,'  liii.l  i-hiims  lias  been  test.'.l  in  larf-p  .pi   ■ 
tilies,  nn.l  the  results  are  sai.I  t.i  be  satisfaetor.v.     .\   few  attempt- 
li:ive  b.'en  nia.le  to  mine  the  Tr.>ii  ni.nintain  ilepn-it,  an.l  s.mie  ..f  tli. 
<.r.'  ha,s  been  shippe.!.     \  r..a.l  was  built  to  a  dep.wit  on  the  s.Mith.Mn 
ivtasf  several  years  at;.!,  an.l  presuniahly  some  or.<  was  .iblaiiie.l.  I'Ht 
the  pr.iji-i't  has  l.mf.'  -^ince  been  aban.lone.l. 

'  Sop   pbrps   IfiS-Wn. 


■•Jf-j.-.r-      >,^  - 


i#L. 


■a^ 


^■».-^.. 


«?.»..  :^». 


7^to 
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I'lie  II 


|.r<.peet.vo  value.     T„,  „e  n-.i  in  .„..  vn.iK.eJ.I.eta;  j 

""   ^.    ....      I  he  .l,,,osi,s  l,av.  I,e..n  ...xploitcl  for  iron  as  well    , 
■■'    c<M..rjK,ttl..., UplniHs  too  ,,,,,,  t,,o.l..po.ir  to 
"'    --'f  "•-  -'tl.  tlu.  piv-,.,., li,ioi,s  existii.,.  in   th 


ii.s'   ^  r,f  »i,v         ..•  " ""  "  ^"""K   "I   tlio  iron   ii 

s..lph..ri..  ,K.i.l.     Tlu>ir,.I,iofv,.l„ol,aHl.on.,s.niron 
sniehinp. 


II'  maniifai'turc  ot 

UX   ill   (.'OppfM' 


:;:ur:' ;:™;,,:'''';:,:  T'r' "" ■■• •'-•- 

• ;■• '"■-.^*::i:l^  :r'ic:  ::;;r:,r'r"''" 

"    l',-r,l..  ,„„|  p,rrl„.,il,.  „i||  |,„,1,„|,|,.  !„,.„„,,      ....  '  •""""" 

ir'f-r"' .' '>"'.i-"r,a.v'.,r!:;r;;;: 


:iltcratioii.   :w,\  caiino 


-iirt'iioc. 


'"■  "^'""•'•■''   '""^"  than  a   Cow   r,v,   fro,,,  h„. 


"1   .    H.r.    ..am.   .on.,  of  „,e   ,uo  or   ,1.,...   ,.,oro   i„,porta,„ 
"•    ■     It  ^  .-    ua,o,l  on   ,lio  nortlnves,  .lop.  „f  Mo,,,,,   Ma.Miive    .,„ 
-•  .on  lU.     I  ho  on.  is  .levolop.l  in  a  .hoar  .ono  about  .;o  t  "i 
l^.n.   a     tril.   of   X    ...    ,,      An    onrioho,.    ho.,    of   .^ t 

^                     ol    N    .,     \\    an.l   a   ,l,p  of  Nr    W.     Tho  .Tos-in.-  of 
.'"   ^'T"-   ^""7-    ''"•    '-•'^' l..i...   approxinui...h    v.rti,..,", 

;r  '-•'K-to,hoso„,hi.al,o.Kofolivln,.a„o,.tho.i,e.al.o„t 

100  >ar,l.  aoross.  ,vhH.h  i.  intn.iv,.  into  tho  norm,,]  .ahhro 

rhron'rth;''"-;"'?"'     '^     '•''^'''■•"'^■'■'-     "-'     ™~     .li.s.n,ina,o,l 

.^1.      The  enrioho.!  ho.l.v,  whiol,  o.vnis  at  tlu^   intor^c-tiou  of  th.. 

."o.W.ono..ahoutrf,.,.t.i.,oa.i,lfo,lo..,ho.na,l..,.. 


M:..*- 


ISO 


0I:o1,(M;|(  At.    SI  ll\  K\  .    ( W  Al>\ 


lie    Ili.'.tV      tiMlll     tllL' 


bdtf 


Olll    (it     till 


It   LMi'rii--  i\   liiinil   iHTct'iitiii;!'  lit'  cliiili'iiiiyritr.   with   viin-likr   iiiii>-i'- 
ii|'  tlu'  pure  iiiiiuTiil  dvcr  a  font  in  uiiltli 

1  lie  (l<'|ii>r.it   liiis  hciMl  dliciicil   np  li.v  ;|    ~li:itt    tO   foct   lu'cp,   with   ;i 
|i>  tout  rlrit'l    r'.iiiiiiii!^  wf-t  iicn 
>iiaft. 

On  tlic  -iiiiiliiTii  slope  lit  .lioiiiit  Ma;iiiire  nrc  three  cluing,  tin 
Miirgiuet.  (nppiM-  K'iiiiT.  mill  Kiireka.  lucatiil  on  a  wlile  -hear  yoiu 
-onie  200  feet  wide,  luiviiiK  a  -^triUe  ef  X  I::'  K.  which  i-  trneeahli 
t'lir   the   while   ienstli   nf   the   three  <-lainii.      A-   a   rule,   the   metalli. 


inerals,  ehietly  ehaleopv 


p.viiio,   are 


ili--t>iiiiiialeil    thrniiiih   the   eiitir 


hear  /one.   with   the  hest   valiie-i   alon''   the  nnrtluve-'t  wall.     Oee; 


iiiall.v  the  I'lialeepyrite  occurs   in   small 


leii-c-  anit  vein*. 


Quart/ 


^trinfiers  are  very  ahiiiulant.     Tho  ileposir  is  opened  only  liy  four  it 
ti\e  small  pit~  nr  shafts. 


Anotl 


ler  prospei 
ill 


t,  halt   a   ni 


lie  iinrtlnve-t   ul   the 


W 


ilhuv    (irull-r 


iiiii.  IS  nil   a  -mall  -hear  zone  having  a  -trike  nf  X  SO     W.     (i 


irc  IS  exii(is(M 


1  close  to  tl 


le  wall  rock  ot  j;aliliro. 


Several  nther  pros[ieets  have  been  started  in  the  shear  zon^ 
ile|)iisits.  One.  the  s,, -called  '  ohl  copper  mine.'  is  located  on  l\u 
southern  eoast,  ii  n;ik'  east  of  O'l'ricn  point,  and  is  in  a  .shear  /on' 
.Ml  feet  wide,  strikins  X  15°  W. 


At  the  h.  a.l  of  lU 


111 


lie 


lie  lirait  ot  Jieclifr  liay  a  -halt,  saiil  to  l;<'  '.Hi  tcet  iiei|i 
rroin  which  ore  is  said  to  have  been  shippe<l,  is  located  on  a  shear 
/one  ill  the  Metchosin  basalts.  I'lie  ore  consists  nf  dissoiniiiateii 
patches  and  veinlets  of  elialcopyrite  a— oeiated  with  vein-like  nias-es 
of  epidote,  and  with  cpiaitz  veinlet-.  Aiinther  pr.i-pect  was  starteu 
'ill  a  deiio-it  in  the  -lieared  basalt  to  the  -nntbea-t  of  Seoke  harbour. 
The  ina-sivo  tyi>e  ot  ilepo-it  has  been  dinelnptxl  at  Iron  mono 
lain,  and  on  -ecfinii  .s:'..  The  Iron  mountain  depo-it  is  fairly  wrW 
exposwl  in  several  [lits.  and  in  a  drift  ."0  to  (id  feet  Imii:'.  Seine  .! 
the  ore  has  been  shipped.' 


t\  i;i;  Tvi'i:. 


(ifii'iill  I  liiliilrlrr  ikin!  d'lSl  li.liil  iihi.  -The  nllly  copper  depesi' 
kn.'Wii  of  the  Tyee  type  nccnr-  at  Jliniiit  .Siel;ei..  Tt  is  virtiiallv 
a  singrle  lens  nf  ore  e.vtoiuliiiir  throiiijb  three  elainis,  from  ea,st  !•• 
west,  the  Ivichard   III.  the  Tyee,   and  the.   [.iimra.     The  ere  is  dial 


'See  K.  Lindi'nian.   rulilicaliiin   Xo.   (7,   Mines  ISrancli,  Dopartmoiit 
Mines,  Cnn;iihi.   PMO.   p.  It. 


^^7' 


M)(  riii:it\   \  \\^,,l  Ml,   iM.vsi, 


IM 


'"'""'•'"■     ^'"■■'■'^'Ir.l      V, ,M.i„,     ,,,l„l..ri„..     ;„„1      -.,„.,■     u;,|,.„,,.      ,„      ;, 

;;,n.5.M.-  .-..., m-iImj.  ,-!,l,.|ly  „t  l,„ni,..  uiil,  .„„:..  ,„„,„  „„1  r;,!.-!,,. 
OutM.l..  .,t  ,i„.  1..,,-  :„v  „u--iv..  v..ins  .„uM,tin*r  .hirllv  „t 
'■''■   '""'   ''■'•""""•■      Th,.   Iw.s  or,.,,,-   in   a   -,x,M-ii,u.l   tr..u;,h   of  tl,.. 

". ■'^■'^''"  ^""'  -'•"■•'''''■  -''i-'^  "'■  th.-  Si,.|<,,.  -„,;,>-.     The  ,,ro,!„..- 

,",""    "■".'"    ""■   ''■■ •'    !'■'-   1"""    I^H-p..   .n.i   ,lurinu    h-    n.tivit.v    ,1„. 

h>r  i.ui,,.  wa-  th,.  ni,,-.,  iH,|„„-taMt  ,-„|,,„  ,•  |,r,„|, „■,.,•  „r  ,|„.  c,,„, 
iv;;,.,..  ..t  Hriti-h  C.hHalMa.  At  pn-MU  f!„.  ,„•,■  l,a~  Iiorn  vvorl<...l 
•.lit  uiul   tl.,.  n,iM...  arc.  -hut   ,I„.vm.     All   „f   th-   thr-,.   ,„!,„>,  ..ivi,,.- 

"r'^^'^  '"  ' '••■■'"''>■  ^'•■''  "■■"•  ^"■■i  u,.,...  at  ;!,..  ti 1-  tl„.  writ.,.-- 

v,-,t   n,a,-,-..,Ml,h..  .„  ,|,„    ;.    |„,  ,,..,.„   i„„„_i,,|,.  ,„  ,,^^,|^_,  ^^^_  ^,^^^_^^ 

'";'"""   '""''•'■^'•' '•      ■IIhTv,...  (•.,,,„.,, ■„„„.„■>    k..  ,t  a   v,.,.v  ,.a,-,.- 

ful  nrunl  ,.r  tiM.ir  r,.,.ular  .!..vc..l,.|,„„.„t  work.  a,>,l  l,v  ,.x,,.„mv,. 
''■"""""I  'i''illin^  :in.l  l,v  -iukifi,-  .,.1  .Irifti,,;;.  hav,.  ^ain,.,l  -,  f„]I 
l<"'--"l.-lp>  nf  tl,..  ...xt.nt  ,.f  th..  „n.-h...|.v  a.al  „r  ,!„■  ^..„l„.i..al  .„..,.- 
'"■•.•.      S...,u-  „t    ,h..   ,VM,1(.   ,.!■  thdi-   w„rk   hav,.   I„...„    ,„a,l,.  i.uMi,   i„ 

■""■';''  '"''■'■~-  ''^"  ""'^'   "^ •'^""  "I   "l>i'-li  ^u-,.  Ii~t,.,|  In  ih,.  l,ihl|,. 

-raphv.  WnU  ,h,  eN,.,.pti,.i,  of  a  few  ,l,.,ails  ,•..„•..,■,. iu^^  tl...  ol.ar- 
^«-tCr  ol    th,.  ,„.,.   au.l   th,.  o..u,.,-al   ^rM^U;]   r,.]ati„u~.   littl,.  ,.,.„   h,. 

^'''''■''   '"   ''"'  I" "'   iMstan..,.  |„  ,h,.  ahva.lv  ,.K\-Un^  k„„wlo,|..e  ..f 

-lu.  ,I.^t,...t.     Th,.  writer  has  1,,.,,,  ...„„„,.]l,  ,1  t„  -Irau-  hi.  kn,»vl...lo,. 

"'    ""'  ''' -"    "■'""  "'<•  "'■■•'"ly  )>HMi-h.-,l  M,.,..,nut<.  a,,,!   ~„   .,   .],.„.r 

MU.-.uary   i-  all   that    i-   a,lvi-al,l...      Th,-  ,.hiH'  mmuv,.,  U;n,-  I,,.,.,,    an 
M   l,y    M,.    U-.    11.    W....,|    „n    ,h..    Tv..,.   n.in,..    pn-.H-l,,.,)    in    ,]„. 
A/,vi«,.,.,.„„/  „„,;  ,)//„/„„  ./„„,„,,,,  Jan.iary  2:,.  llM.s.  pp    m->m    '.n,! 
"MO  .n   the  ,a,n,.   ,na«avi,,.   I,v    M,-.    i;,,l„.,i    Mn-^fav,..   V„l     7s     10„| 
I'p.  iiT:;-(ir4. 


.l/u».n,/,...,,.    -Th,.  innnl.,.,.  ,,f  n,in,.ral-   f „|   in   ,h,.  ..n-  i-  ,.,,n,- 

p^iiMtively  Mnall.     The  ,.,,nipli.t,.  li-t   i~:-  - 

Metalli,.    „,i,u.,.aU.        Son- talli,.    ,„i,.,.rnl<.        ..vi,|„.,.l    a,i„..,al- 

('lmk-op.v..it,..  ,^,„,„.  I.in,„„it,.. 

Sphiilerit,..  Cali'lt,.. 

(inleiia.  .vlhite, 

P.vrrlu.tile.  l)..l..niit,.. 

l'hul,.,.py,.it,.  i.  th,.  ,,nly  ,.„),p,.,-l„.,„.i„,^  n,in,.ral.  I,  ,,..,.n>- 
w.assive  an,l  in  Mnall  ..rain-.  It  i,  -..n„.ti,n...  int,  r;.v„wn  with  pvrr- 
l'""»"-  l-tli   innH.niN  in-.lu,lln.^  Mnall   Hrnin.  o(  pvrite.      It   j.   ,n„ro 


m^.^: 


a^:".!W' 


'"Hj 


H  »f 


183 


OEOLOOICAL  SURVEY,  CWADA 


rarely   iutiiiiatoly   inturffrown   witli   pyrito.     (iraim   of  elmlci>pyritc 
Mro  conitr.only  snrroiindeil  liy  .aiihiiloritp. 

Pyritc  usually  occurs  as  small  grains  cither  .vith  the  praupue 
tiiiuerals  or  in  tlie  inasfiivc  chalcopyrite.  Sometimes  the  pyrite  and 
■  •lialc'opyrite  are  finely  diseeniiiniteil  one  in  (lie  other. 

The  .sphalerite,  which  is  dark  coloured  and  IukIi  in  iron,  i- 
ne,irlv  always  present  in  the  ores  in  which  the  non-nietiiUie  niiiieraU 
occur,  which  ores  are  usually  banded,  liut  in  the  massive  sulphide 
portions  it  is  less  eoinmon  or  absent.  It  occurs  as  grains  dissem- 
inated through  the  banded  ore  and  also  surrounds  chalcopyrite  in 
I  lie  more  massive  parts.  In  general,  it  has  been  one  of  the  last 
ii'iuerals  to  crystallize,  and  sometimes  occurs  interstitial  to  cahite. 
Occasionally  sphalerite  extiiu^  throuj,'!!  tlie  ore,  forming  a  sort  of 
matrix  for  the  other  niintr:!!-;.  wilh  the  exception  of  (juartz  and 
(•ali'ite. 

Cialena  is  mit  very  abuui'ant,  is  not  always  present,  and  occurs 
as  dissoniinate<l  grains  in  the  banded  ore. 

Pyrrhotite  occurs  intimately  intergrowni  witli  massive  chalco- 
pyrite, and  both  minerals  include  small  grains  of  pyrite. 

(Quartz  is  nearly  always  present,  occurring  intergrown  with 
ealcite  and  barito  in  tlie  banded  (>re»,  and  in  veinlets  cutting  the 
niaesivo  sulphides.  It  also  <  ecurs  in  the  veins  outside  of  tlie  Tyee 
ore-body. 

Barito  is  the  most  abuudaiii  iion-nietalllc  mineral  of  the  normal 
ore.  It  oecuw  with  quartz  in  a  fine  grained  mixture,  apparontlv 
having  crystalliztvl  first  in  small  grains  of  rounded  or  crystalline 
outline. 

Calcito  ooeiirs  in  veiiilet-s  cutting  tho  nia>sive  sulphides,  nwl 
also  as  one  of  the  non-inetallie  constituents  of  the  banded  ore. 

:Vlbite,  which  is  nearly  alwa\>  present  although  not  in  large 
amount,  occurs  with  tho  other  non-metallic  minerals  in  the  banded 
ores,  in  irregular  gra-fi.  Some  of  the  grains  are  broken,  and  arc 
penetrated  by  veinlets  of  the  metallic  minerals,  notably  sphalerite. 

Dolomite  is  confined  to  the  (piartz  veins  and  occurs  in  rhonibo- 
hedral  cr.vstaKs  surrounded  by  the  quartz.    It  is  of  a  light  yellowish 
colour  and  resembles  ankorite,  but  contains  scarcely  more  than  ;i 
trace  of  iron.     It  is  soniotimes  penetrated  by  little  veinlet-s  of  elial 
ooj..yrite. 
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I.iiiii.iiitc  mill  tiirKitc  oc-iir  in  tlie  ixo>:»in  iissociatp.l  vvilh  iv-si- 
iliuil  -iilphi.l,-;,  IliiTc  ;iro  viitiiiillv  II,,  oxidi/.ud  coppor  iniiUT:il- 
pro  sent. 

Tho  (,r.-i  cti  the  Ions  iii;i,v  1.,;  oiisidorea  as  of  two  kiiuk,  a 
ban.lod  ore  ^•onsiMtin^f  of  l.otli  niutallic  and  non-metallic  iiiinorul-, 
iin.i  a  iiiu.-sive  r,r«  coiisisliii(j  M.lfl.v  of  ti.otallii;  iiiinoruls,  nlthouRh 
l.reivintf.l  l,.v  veinlots  of  (|niirtz  lui.l  .nlciti-.  The  pnru^iene-i^  of  the 
liwulwl  ore  appvai-H  to  1,,.  .,11, it,.,  p,\rito,  hiirite.  flialcop.vrito  ami 
u'lil.  nil,  .'piiLiIiTit...  ,|iinrtz.  iin.l  .■:,l,iio.  Tlio  rfhitiun  „f  tlic  in»tiilli,. 
and  non-inctalli(;  ininoral.^  i-  moI  always  doar,  hut  otlu>rwiso  tlw 
paragoncsis  ns  Riv.n  i-  f;  irlv  il,.fiiiit,"  and  hoI,l<  s<'ni'rally.  The 
handed  ore  in  not  crn.-tiil,-,!.  and  th,'  n,in,Tals  .-..nipriMii^'  it  an- 
virtually  (■onti.inp„rnn(>,,us,  the  ,1,  tlnit,.  paraR,Mi,-si,  appaicntly  hoinir 
due  to  n  d.^Knit.-  order  of  <Ty:.tiilli/.iiti,,n.  The  handing  appears  to 
ho  .liie  in  part  to  a  slight  rni>hin^  ami  movement  after  the  niinerak 
of  the  ore  ha<l  heen  crystallize,!.  The  iia«sive  ore  e,  nMSt:^  of  elial- 
eopyrite,  s,,ine  ,,t'  which  is  intimately  ami  irreffi.larly  inter!?rown 
with  pyrrhotite,  tliMe  minerals  inelmlinir  pyrite.  1  l-.o  ore  is  ooni- 
nionly  l,roken  ami  cut  l>y  veinlet.s  of  .juartz  and  .•aleit,'.  The  para- 
wnesis  is,  therefore,  pyrite.  pyrrhotit.>  nn,l  chaleopyrite.  <inartz  and 
ealcite. 

The  composition  of  the  ore  is  Awwu  in  the  following  tahle' :— 

I.  II.  III. 

f^"PPe'' l-.V,  liiK  t.,vi 

'r<'" llfl  in.  Ill  12-5f> 

';!".<' G-fiO  7.M  7()0 

^''"■•'.- i3-.in      MIS      i?.-i(i 

.Aluniiiia U.fl.i  7.01 

??'"yt" ..     37-30  .'J7-6S        .IS-flO 

iiime 0.9Q         o.Qj 

MaEiiesia ',',  ..  tiaco  tia<v 

*'"lpli"r 1B62  l.i(l.i 

Total <Mit;7       97-71 

fj'^j''' oz.  i)er  ton.      2-S7         2r>7         2  Krt 

'«'l" ■■        "  0-1 1         0  1:1 

I.  Avi'iase  of  aiialyses  made  bv   the  ronipany. 
II.  Averace  oomposition  of  the  010  minpil  in  lilOj. 
III.  Averasie  oi   150,000  tons  shipped  up  to  the  middle  of  190.5. 

Chaiaclcr    uf    i/rposil ;    nlnh'oiis    lo    .minlrii    rod,-. — Mr.  Weed' 
describes  the  deposit  as  follows:    'The  ore-hody    is    a    largo    hut 

liin'  K    19b8^***'20O^"'^  °"  ^^^  '^^^  copper  mine,     laisj.  &  Min.  .Tonri,., 
T      '^--  ^La^^'^iiu,  ^'<'^P»  f n  Hie  Tyee  copper    mine.     Eur.  A  Min.   .louri,.. 

JiUl.    ..),    IWo,    p.    *00. 


■1'. 


:■<   .  I  ^ 


%'S: 


",  »»-i 


i^-i 
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iir.'>.Milar  Nil-  witli  a  piuvrd  IciiHtli  <><  l'.vhi  I'oct.  ii  iiwiiii  ui^itli  ul 
I'O  fiTl.  1111(1  11  (li-ptli  cil'  ir.il  fi.t.  It  i>  41*  tc.  :•  iict  wiile  in  iii.iiiv 
lilai-cf.  Ill  tin-  l.ciiiirii  mill  T.vei'  iiiiiu'»,  wIuto  .t-s  liii 
i(  coiitiiii.     in  nil  iiMT  :!iHt,(HMi  ton^  nt'  on-.     I'ixtcn- 


!-  lire  kllo^^li 


l\c  il'(x--cutt!li;.'. 

uril'tiii;,'  iiiil  ilimiinnil  ilrilliiiir  t'rnni  the  viirioiin  Irvcli  of  ii  ^liiil'l 
I. ■.'nil  fr  t  ili'ip  >lii)\v  tliiit  till'  iiro-liiMly  iloi'-  imt  no  ilmvii,  Uiit  llint 
the  slii'iir  /iiii(>.  wifii  In  |icculinr  l.nr.vtii'  iiiipri^'iiiitiiui.  cxtcn.!- 
lliroii>.'l<  till'  tiiliN.  sliiiwiim  )iiit<lii'-  lit'  liiw  ^fnnlf  coiiiurlicnrinp  rnd, 
111.  Mill'  or  t\M)  points  in  otliir  miil  Inut'.r  sinMlc-.' 


■|'l 


llll-  Im-.'Ii  (liM'ji.pi.l   ill   11   il()-c(l  s.Vllciilir.  -tl'ik 


IllfJ   lllinill 


X  '.Ml  \V.  till*  north  li';;  iirin;;  liii'  sti'i'ixT,  of  jrriijiliitii',  i|unrtz-t.ii' 
:iiiil  <|iiiirt/o-o  M-lii-t^  ill  cliliiritio  solii'l-;  of  tlic  Sii'ker  -oric-.  Tin 
~.\ncliiir  i-  iilioiil  iHii  yiinl-  widr.  mill  cnii  lio  trin'til  nloii(j  its  iixi- 
for  l'  mile-.  If  w  iilcii-  touni'il  tin'  \vi»-t  iiml  tlirn'forr  iippiirdiith 
piiclics  in  tlint  (lire<'tioii. 

Tile  troimli  of  sclii-f^  is  ililiitiiti'l  oil  both  -iiles  li.v  ffubhrM 
'tioriic  porpli.vritc  d.vko^.  'I'hc  >oiitli('rii  wall  is  n  vorv  piTsistpiii 
-triki  fault.  'I'lii.-  fiiiilt  i>  of  po-t-iiiiiuriil  ilcvi'lopnioit.  -ilico  il  lia- 
I'Toki'ii  iiiiil  -Ii;;iill\    ili-pli\i-oil  the  lcli~  of  ore. 

loriitnl    oil    tlio   soilthi-ril    si.li>    of    (lio    tl'OUsl' 


Tl 


11-    main    li  ii^    i 


iljintiii   lo  tlio  lairo-o  mill  uiMpliitii-  -ohi«ts.     Aiiollirr  ~iii:illrr  Ii^ 


if  lo\\    Mill   M'lv   irroLiiiliir  i;ra.li 


irs  aloiiK  till'  iiortkcrii  sitlc. 


Ahoiit  lOit  frol  ii.  ilir  iio|-tii  of  t  ic  iiniiii  (Ii'po-it  is  tlio  viiii 
ii'oiil  ionoij   iiliosc'  of  i|iiai-l/.  ami  iloioinit  ■,  i-iirri-vin.t;   i-liiilcopyrito. 

'I'ho  sclii-tO'C  /oiii'  "!•  sym-lino  i>  vory  ffciicnilly  impreiin  itii 
uilli  rliiili-opyrilo  miil   otlior  sulpliiilrs.     This  is  nl-o   true  of  ii   lar:.'! 


il.or  of   otl 


IV   /oiii-    throiifilinnt   Iho   cntiiT   oxtoiit 


III    til' 


^li'.%cl'    »rn(- 


Wivil  statp-  tl 


ml    111   -oiiic   pla<-i-~   flu-  I'opiior  coiifnit   of  tla"   ii 


■ntiiiatci!  sliiiir 


/-oiic^  rcat'lic: 


H.,"i    to     1     per    l-cllf.        N'o   otl 


lev  .iHliiai 


1, 


if  tl 


ic  ore  arc  Known. 


(  il'IICf 
S     foil, 


Mr.  Weeds  .oi 


u-lii-ioii  a 


-  1..  tl 


11'  urijriii  of  the  orodi 


Tile  Tyec  ore-hody  rociiiMet^  in  features  and 


reiK-e  the  lent iiiilar  hodics  id'  iron  ore  of  the  Lake  Superior  r.infii-. 


tl 


le    orii;i'i    of    wli 


I'll    has    iieeii    ^o    i 


iearly   disclo-ed    hy    Van    Hi 
L.ltli.  and  oilior^.  The  hypotlu-i-  that   tli.-  copix^r  i-  a  inin'eiitral  i 


1  R.  Mnsgravo.      Coppor  Dopo.sits  of  Mt.   SirVer.      lai^.  &   Min-  ■'< 
Vol.  78,  pp.  67:i-fi74.  19(W. 
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mil 


<{  liirlix    V  \\r',,i  \  I  II    |v|  \\|, 


i>;. 


Iiv  ~!i;ill..«  ur.'iiii.i  m;ih-i-  ■■iriMiliili.in-  nf  iii.iirri.il  ■■\trai'te  I  fiM:ii 
-l..ii'-.lv    ill^-.MiitKitcl    iKirli.'l.-.    ,.r    .•li:,l,.,,|,M.ilr    all. I    pyrit.-    .if    tli. 

-I'lli-t-.    !1Im  IT.I.'.I    illllill;;    :;|M.llinl    ir..-i..|i    ,,f    till.   , |||,.\.    i;,|tIliTril    Ml 

-liciii-  ,,,!„■  .T,iiK>  ,.r  r.rrihk  .■liiinii,  I-  aii<|  pncipiliitiMl  l.v  Krii|)liil !.■ 
iiiiitti'i-  uiili  r. , ill. 1, lent  r.|iliii-riii.iil  .r  (•rii-liivl  iriit.-i-i:il.  iippo:ir-i  iii 
tir-t  -ii;lil  I,,  1m-  ,111  ii.|,.,piiit,.  ..xplaiinii,,,,  f,,r  this  nii'l  iiiaiiy  otli.r 
■  lfp"-ii-.  III!  .liii.f  ..lij.-cli.pii  I,,  (hi-.  ai„|  ;,piuf,.utly  .111  iii-iiponil.l. 
"II''.  i-  il"'  f.i.'i  liiiil  il„.  'l-.v,..  ,|,p,.-it  ,.,,;i-i-t,  liir-.'ly  ,.1'  liariiiin 
-iilpliatc,  uliilc  ill..  -un-..iiii.liiii;'  i.,„k,  ;,,.,•  ..|i:ir.l\  I'nv.  ffiii  it; 
~li..uiM-  that  hilii-al  111. .V  int..  uat.T-  liavr  iml  fiinii-r...l  the  ..re.  Ii 
I-,  Ihcr.ti.ri',  .vi.hi.t   that   \^r  imi-t   l..,.k   t<>  .h  .  p--.  al,  li   wa».  in  iis  tlii' 

I r  lllu  iirr   ill   thi^  ilcpii-il.' 

I'Ih-  liiiirral  iiiinniriiatiiiii  ,,1  tlir  -, -111-1  ujth  ..iial.-,,|,yriti.  ipi.1 
pynt,.  lia^.Ti-laiu'v  lak.-ii  pla.T  .liiriiit;  l^i..  iin  liiiiLrpliiMii  aii.l  nit. .ra- 
il..ii  ..r  till-  .-..iiiitry  1  ..-k.     'ni,.  alt.Tati..ii   ha.-  ln'cli  -lii.uii'  t..  ho  dur 

''"■"'■'>    ' iil-i'i    •111"    ilii-niial   a-i-ii.-i,-.   whi.-h   „-,.|.,.   a.-liv,'  diirii 

til.-  iiitni,i,,i,  ,.f  ,1„.  t;,-il.hr,,-.li,.|-it.    p..fpliyi-it.-.     Aft.-i-  tlir  ti.-M  oxiiiii- 

'"■"■""     ''"•     »i-i''-i-     I'll     lliat     •-lialh.u     yr l-uatri-    .•ir.alliltinii- ' 

'■  ■iMvlilraliii-  111.-  ii.alirial  ..f  tlir  -hrai-  /,,ii,-  .l,>p„«it-  wa-  a  Mlttici.iil 

'"'l'l'ii'''ii '■  '111-  "i-ij^iii  "i   111.-  ..IV  In,-.     ■I'll,.  pr,-s,.ii,-..  .,t-  hai-i»o  i- 

II. .1  a  .■..l|.■lll-i^,.  .ii-miiii.-iii  I  hat  ili.  .l(.i„,-it  „„-  f.,riil...l  l.y  il.c;.- 
-iiatc'l  vat.i--.  -ill,,-  if-  ah-.-iii-.-  in  th,-  -m-i-,.iiii,liii;;-  ,-,„-]■  mijrlif,  l„ 
..xplaiii,-.|  hy  th,-  th..r..upliiio-  ..t'  iliu  I.-a.-hiiii;.  \V.  II.  |.:!iiiii..ii-i  li<l- 
it  a-'  h.  iiiH:  .liara.-t.-ri-:!!.-  n(  .lop.i-if.  ,,f  i,.,,.l,.|.at,.  .l.-ptli,'  mi.I  tin 
'■''i'l'   ''''lii'-   .l>1"'-iN   ,.f   (h,-    Iiiii,..!    Stat,-,    vl.iih    aiv    tli,,<,.   „f   tlm 

Mi"i~-il  pi     vail  y.    an-    .-..|ii ily    .•,,ii.-,.,!,-,|    l.v    iii..-l     u, -,.!., -i-t  ■     f. 

liav.>  h.-iii  l'.,nii(>,l  i,y  (-ir.'iijatiiijr  iiii>li'orif  water-  al  Mi.,iii-rat.'  ..i- 
-lialh.sv  ,l,.pilH.  FiirllK-riiiorc.  .-a-p-  luv  );ii.,uii  in  T.'mi,.s-oo  aii.l 
.Vi.v.i  S,-.,tin  when'  harif..  i-  tlu^  i,r,Mlu,.t  ..f  -iirl'a.v  ,l....'iii;p..5iti.iii. 
I'll.'  pi-r<iiii-(.  ,,f  taJi-OM-  -.-iii-t-.  whi.'h  vv.i-,-  inappo,!  hy  Mr.  I.iviii;;- 
-t..!i.  111,,  hit.,  inaiiap'r  <>(  tli,-  Ty. ,-  I'l.pp.T  ( ■..miiaiiy.  a>  li.Mii.^'  tli.. 
iiiiiii,'.liat,.ly  a,I.ia,Tiil  cmiitry  r,i-k  t,,  tli,-  ,,i-,-  l.n-,  al-o  favoiiis  tlic 
liyp.)tli..-i>  that  it  wa-^  f.irnicil  at  Miall.iw  .Icptlis,  >iii..,>  tal,-  i<  ,-,,iii- 
iiK.iily.  th.uipli  iif.t  always.  f,,riiii-.l  hy  -uvfa.-.-  wcathiM-iiif,'.  'rii,- 
-lialh.vy  ,1,-ptli  (,.  ulii.-h  tli,-  i.r,.  ,-\:,.n,|-  :,]-,,  lav,.iii-.-i  tlii-  cUM.lu-ii.ii. 
Hut  what  apiii'ars  an  iii-iiriiii.'iiilal.l,-  ,.l,-ta,-l,.  t.i  tlio  nt-.-cplaii.',. 
it'  flu.  liyp.iihois  of  (•oiK-<.iitrati.,ii   hy  >liall,-v  i-irculatin:-'  watia'*,  i< 

'  S«^  pa^n  S.'i. 

-(JeiiPtjr  (■lii"iti<i,.i..n   of   Mineral-.     i:,-oiir,iiiic  OwloBy,  Vol.  III.    lOOS. 
p.    (tiM. 


r^m.mM^^^:^J?MI.^:  &^S^' 


.-^IW^, 


ise 


(Uiil  i":ICM,    M  in  I  V,    1  AN  \l>\ 


till-  II  :i-i^i\n  c'luiniftiM"  'ii'  till  iiri',  iln'  luiiu  riil't  nl  wliitli  liaso  iipiiur- 
ctilly  fiiriiioil  iiKirc  dr  Irsi  <'.iiit<'iiii)"rniifiiu-l.v,  iT.v-tnlli/iinf  init  nf  tlin 
-dliitidii  ill  It  ililiiiitf  orilff.  'I'lif  |iP(»f;:i' •  «{  ]>>  rrlmtiu*  ami  iilliitc. 
iiiiiiiritl»  ilii;iiic|"ri>lif  of  (Icpii^its  firiinil  in  tlio  ilicp  zunc,  al-o 
urjriiis  i-lrciiRl.v  aKiiiii^t  tlio  ii.\|Mitliti«is.  li  hcciii.'.  thiTi-foie,  tn  tln' 
writ.r  that  'a  \*  vcrv  pd-mIiIc  that  thi'  dopi.^it  was  foriiH-'l  h>  doi  p- 
-iMlril  wali'rs. 

riir  >iiMpi'  III  thi'  ori'liiiil.v  i-*  i>f  Kfiit  intiTi-t.  ft  i-i  :<u>,'ti'«lril 
\i\  Mr.  Mii-^ravc'  that  thi'  oro  win  (loim^itcil  in  ii  prf-i-xistiiij.' 
•Muity  fiiriiicil  hy  the  ilir*l«j;ulinir  fore  i  wliirfi  caiHeil  llu;  iiitru-icui 
lit'  tho  (fiililiro-iiiiiiiti'  imrpliv  ritr  (iliaini't')  ilykc-;.  Ho  iiImo  ^tut(■- 
tliat  liiilaM'iiiatir.ni  ii  iiy  ha\L'  takiu  piaco  to  a  small  extent,  but  vhiif 
no  cviihiiii'  has  hron  nulcl.  A  ili-liiiitf  aiinmiu  of  nurta-toinatii' 
rcphii'oiiii  nt  is  .-eeii  in  tiie  >iiiMP  /uni-  deposits.  'I'ho  .-tiidy  made  liv 
tho  writer  of  tlie  Tyec  depo-il  has  iieen  miller  ^iteli  niisati>'faeteiw 
e,,iii|iti(>n-i  that  it  w.itild  he  very  inadvi-ahle  ti  dispnto  Mr.  Mils- 
jfravo's  stateiiient.  Kowevt-r,  the  handed  eiiaraeter  of  tho  massive 
ore  is  •"erhap.i  explained  in  son'.o  dejiroo  hy  the  replaeeniPiiit  of  an 
iiriu'inal  handcil  rnel;. 

If  the  liMxitlii  sis  of  CI  iieeiiti.it  inn  hy  shallow  pireulation  he 
aeei  pt^d,  tho  Kraphitie  selii-t  olhT-  a  very  eonveniont  preeipitBtiiiL' 
Maent  for  the  ore  minerals.  If  the  other  hypotlipsis  is  ({rnntod,  tliere 
is  no  not"*!  to  .-oareh  for  a  preeipitatinp  afreiif.  since  tlie  chnnjjo  in 
physical  .onditions  is  -iiilieient  to  explain  the  depodtion  of  tlie 
minerals. 

(leneral  slotiis  and  fatnre  posnihUili-es.  -At  (iresent  tho  Tyee 
'•re-hody  is  apparently  worked  out.  Tie'  very  thoroiiffh  prospeotiiii.: 
of  tho  Tyoi;  (joiepany  virtually  i>rt'<'ludes  the  tiiiilins  of  any  other 
liii-  ill  the  troiiph  in  wliieh  the  'I'yee  body  is  located.  I'ossihly 
-iinilar  lenses  oii'iir  in  the  Sicker  seri(>s.  The  location  of  tliese 
hodiis  from  the  surface  exposures  is  almost  iiiiposaiblc.  If  it  had 
not  heen  for  a  liaiipy  aeeident.  llic  Tyee  ore-hody  niipht  liave  re 
niained  imdiserverod  for  a  lonsr  tinie.  I'rosptx^tin^'  is  also  fircatly 
hampered  hy  the  thick  layer  of  drift  and  hy  the  heavy  forest.  The 
only  .supfiestioii  that  can  he  iriven  to  aid  tlie  prospector  ih  that  lie 
should  pay  special  attention  to  the  ti^ht.  infolded  synclines  of 
schi.sts. 
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plutoiiif  rockti,  (liorito  always  hc'ma;  the  foiitin-iiiin-  phase  of  iho 
eruptive  boilips.  Tlie  larpe^t  nnd  host  known  th'posits  occur  in  the 
vicinity  «(  (ionlnn  river  ami  it-  tributary.  Hugali.m  creek,  which 
empties  from  the  west  into  tiic  main  river,  about  •>  miles  above  the 
mouth;  and  al^io  near  Sarita  river,  a  mile  from  the  mouth  of  the 
li'  ^r  anil  a  iiuarter  of  a  mile  to  the  tiouth.  The«e  deposits  ha\  e  not 
l«en  opened  up  to  any  great  extent,  hut  are  apparently  "f  fro*"'  ■-'■''' 
and  tho  ore  is  of  fair  Rrade. 

Miiieralogii. — The  only  ore  mineral  is  nuiynetite,  which  !■- 
massive  to  finely  granular.  (Jlusely  as8oeiate<l  with  the  magnetite 
occurs  pyrrhotite,  pyrite,  and  clinlcopyritc.  Pyrrhotite.  occur-  ii- 
^mall,  irregular  grains  interstitial  to  tho  magnetite,  and  as  sn  ;ill 
stringers.  The  magnetite  and  pyrrhotite  are  commonly  cut  by  vein- 
lets  of  pyrite,  with  which  is  associated  a  little  pyrrhotite  and  <'hal' 
I'opyrite.  The  vcinlets  sometimes  occ\ir  in  shear  planes  in  t.h(^  lunre 
massive  magnetite  and  pyrite.  Tyrite  and  chalcopyrilc  rarely  o<;ciir 
as  disseminated  grains.  Tm-luded  grains  of  calcite  and  silicate 
minerals  occur,  and  veinlets  of  calcite  are  (luite  frequent.  Tho  parii- 
uenesis  of  the  above  minerals  appears  to  be  faiily  definite,  but  tbeir 
respective  periods  of  crystallization  doubtles-  overlapped.  Tbe  p:ira- 
^'ene-sis  is  apparently,  calcite  and  silicate  inineraN  of  the  contaii 
metamorphosed  limestone,  magnetite,  pyiTliotite.  pyrite.  veinlet-  of 
pyrite,  pyrrhotite  and  <lialcopyrite,  and  veinlets  of  calcite.  With 
the  e.xception  of  tbe  small  amount  of  inchided  eab-ite  and  silicate', 
and  the  calcite  veinlets,  the  deposits  consist  alnio-t  entirely  of 
n;etallio  minerals,  as  can  be  seen  from  the  following  avera<:e  of  the 
riiree  analyse^  of  ore-;  from  tlie  (Jordan  riv(>r  district  '.iivii  l>y 
[jindenian': — • 

Tnsolubh*  matter T-:!0  per  cent. 

rr.m On.sr, 

Sulphur I'-r.." 

Phosphoric 0.048       " 

Relations  lo  couiilri/  rod'. — The  metallic  minerals  ore\ir  u-ually 
in  closest  apsociatimi  with  the  sheared,  contact  metamorphosed  lime- 
stone, in  which  are  occa>ionid  lenses  of  residual  marble.  Tbe  marble 
is  similar  to  that  characteristic  of  tlu!  Nitinat  formation,  and  i- 
coMiposo<l   es.-;entially   of  calcite.   in   medium   to  carse  grains.      I  lie 

'  Publication  No.  47,  Mines  Branch,  1910,  pp.  10-U. 


rsTTT-ocr 


^■"^^^^^■^^^^^"Tf 


■fTirs-r^^Tr^^iW 


sur  iiii.i;\   \  wcoi  \Kii   isi.wd 


191 


)t'ton   i-.iiitaiii   irn 


-ul: 


ir  vi'iiilfU  of  fiuartz,  ^^oririti'.  hiotilc 


1.1 


si'riioutiiic.  t'-iM 


illy   iii'iir  vi'iiis  of  iiupiit'tito,  which 


mIIv  cut  nearly  imrc  iiinrhles.  Pyritc  is  Usually  present  in  the 
marble  as  disseiniiiatcil  jrnuns.  'I'lic  marlilo  has  been  metamorphosed 
in    places    to    n    typical    "contact   rock,' 


uiiilcr  con 


similar    m    those   flo^cribci 
tact  copper  deposits,  coniposi'd  cs-entially  ol'  massive  lirfmn 


t,   th(>    varietv     andraditc.   and    small    prains    of    «Ti't>n  di"p- 
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ore    conniion 
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ii-ble    has   Ikkmi    metaniorphoso<l   evf 


more  pro 


fonndly  to  auii>hiliolitcs,  dark  preen,  tine  prained.  foliated 
'rocks.  coinpos<>d  of  hornblende  and  feldspar,  with  accessory  titanite 
'and  mat'  etito.  and  secondary  minerals  such  as  sericite  and  liinonite. 
In  most  ca.scs  the  amphiholites  are  clearly  derived  fron:  the  meta- 
inorphism  of  limestone."  but  in  a  few  ca-^cs.  as  exposed  in  iho  j;orpe 
'of  Bently  creek,  on  the  CoiKpieror  claim,  tbo  nearly  pnrc  marble  is 
**ut  by  narrow  dykes  of  ainpliibolite.  in  which  are  traces  r.i  an 
ori^niial  iiorphyritic  text\ire.  Tile  ampliiliolitc  dykes  have  prnbal>ly 
lieeii  derived  by  the  nictaniorphisin  of  aiidesite  or  basalt  porphyrite 
dykes,  whii'li  wt  n'  injected  into  the  limestones  before  the  yranitic 
Tocks. 

']"he  contact   /loiio  is  cut  rather  rarely  by  small.  irrc$rular  viiiis 


)f  ipiartz.     On  the  Iron  Master's  clair 
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seen   on   microscopii;   cxaniina'ion   to  con-ist 
of  very  fine  ■iriincd  quartz  and  fcldsiiar,  and  shreds  of  brown  biotite. 
McikIc.  and  -econdary  siricite.  ami  disseminateil 
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vvitli  accessory  norii 


rains  of  i)"rite.     The  vein    is   apparently   related   to   thi^  intrusive 


"lilutoiiie  rocks  in 
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'rite>-  which  are  cliaracteristii'  of  the  contacts  of  tlie  plutouic  rocks. 

The  intrusive  pliitonic  rocks  are  the  Saanicli  firatiodi.irite  and 
the  J?ealc  diorite.  the  latter  invariably  formin(.'  the  <'outacting  pliase 
ayainst   the   limestone,   although    it    is   brecciatod   by    apoi>hyscs    of 


rraiiodioritc. 


Tl 


ic  diorite  in  the  vicinity  of  the  depct.sits 


richer  in  lioriil>leiide  and  poorer  in  (p.iartz,  and  is  also  more  >hi  ared 
and  altered.  Xear  the  contact  the  dioriti'  passes  into  liorubleiidc 
rich  phases,  tine  uraiued.  and  somelinies  porphyritie  in  teMuie. 
These  phases  are  very  i-ommoiily  sheared  and  sliekeiisiiled  t"  suili  lu 
rxtent  as  to  resemble  a  chlorite  schi-t.  which  is  often  in  dinvM  eon- 
Tact  with  the  magnetite  body. 
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I'hc  fnntiu't  (.t'  tlif  fjriiiiiiic  ri.ck?  nud  inarblo  i-  virtiuilly  always 
iiiarkod  liy  iiuirc  nr  loss  iniiiorali/.ation.  but  tlu'  (jrcater  iiuiiiber  of 
mapnotit-e  liodic-;  are  -mall  .iikI  irrtipiilar.  Tho  more  prointiiiiK 
ilcposits  ai'i'  ainiaiviitly  <>(  lair  -i/c,  altlioUKli  i"  no  ca-e  has  eiioiifrli 
ilcvelopiuciit  work  lia-  Imiii  ilcmi'  In  fully  mitliiic  oiic  of  tin?  larjii  r 
iMxli&i  of  inajriR'titc.  Tlu'  larscsl  known  deivnit  of  southern  Van- 
<ouvpr  island  occurs  in  tlio  Itadon-l'owell  and  Little  IJohs  mineral 
•  •laiins  on  the  sdutli  side  of  the  valley  of  Rusai)i  '  ere"k.  It  is  ex- 
Vosed  alonji-  the  outcrop  for  al)out  .">00  feet,  and  its  width,  a?  shown 
in  the  upper  tunnel  on  the  (hiini.  i-  almut   IJ."    firl   wide. 

'I'c/iCM.v.  -  As  the  oecuvniK'e  cpf  the  niagnelite  ixidies  is  n  slricted 
\r,  tlie  eontaels  of  the  nnirhle  and  the  intru--ivo  ]>hitiinie  nicks,  tlier<' 
can  bo  little  <piestion  that  they  owe  their  orijjin  to  the  contact  action 
wf  the  i)lutouic  nx'ks  ou  tiie  niarhle.  This  conelu-iou  or  theory  ha- 
lii^en  substantiated  by  oliservnlion^  in  many  parts  of  tile  worbl.  The 
"riginal  limestones,  to  jud;;;c  from  the  residual  lenses  now  reinain- 
Inif,  and  from  the  absence  of  other  seilinieutary  ruck-  in  the  Nitinat 
't'orinatiou,  were  coniiiaratively  pure  carliouati's  of  lime  and  nuig- 
'nesia.  Although  the  Xitinal  nuirlle-,  havi'  been  invaded  by  the 
rsranitic  rocks  to  sucli  an  extent  that  the  iin-ent  nuis-e3  are  virtually 
hirjre  "roof  pendants"  in  tlic  bath<ditii-.  in  n^'  iMse  dn  pure  n)arblr~ 
MiM'ur  in  ai'tual  contact  with  tlie  iilntonic  rocks.  They  must,  there- 
fore, have  been  subjeetdl  to  profi'un  I  alteration.  The  magnctito 
■bodies  are  usually  developed  in  thi'  alt(  reel  or  metamorphosed  marble. 
"iiut  are  occasionally  in  c<intact  with  the  ba-ie  and  schisfos,.  diorite. 
and  more  rarel.v  with  tiie  unaltired  marble.  .\h  cxceptiimall.v  (jooil 
Contact  of  the  nuiunetite  with  pure  unirble  occurs  on  the  ("oucpieror 
claim  on  Hcntly  creek  (see  Plate  IS),  Tiiere  the  magnetite  body, 
which  forms  a  clitT  ."lO  to  40  foet  iiish  over  which  the  creek  falls,  i- 
ni  contact  with  a  mass  of  white  crystalline  marble,  at  le.TSt  100  yards 
'.u  width,  which  oeeur<  down  >lrcam,  llnit  i^  to  the  north.  Irreuuhir 
ti;  ii;netitt,  viins  or  apopb.\-is  extmd  frum  the  maiinctitc  bod.v  into 
the  pure  n;arble,  brecciatini;-  it  and  inclu<llnf;'  blocks  of  njarble  mucli 

.IS  aixiphyscs  of  an  i^ncnu-  i k   would  lirccciate  an<l   include  frau 

meiits  of  an   invad(>d   IdruiatidU. 

From  the  above  cvid< mc'  it  i-  -i en  tiuit  the  nnijjnetite  doposit- 
of  the  Niliu.-it  fornuition  tint  c.nly  owe  their  orij-in  to  the  intrusion 

'  The  origin  of  the  contact  deposits  is  more  fully  Ji-cussod  -inder  tho 
1  iiiitact  ropiicr  deposits,  t^e  puces  KMVlti!). 
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of  the  Plutonic  rocks,  but,  .-incc  it  soeiiH  as  if  the  original  limestones 
were  i-ure,  the  minerals  of  the  deposit  have  apparently  In-un  derived 
from  the  intrudinsr  batholith.  After  the  limestones  had  been  more 
or  Ifss  contnet  metuinoppho.ed,  as  inclusions  of  silicates  occur  in  the 
magnetite,  solutions  of  magnetite,  with  small  amounts  of  sulphides, 
penetrated  the  contact  zone,  and  replaced  it  in  part.  The  s.jlutions 
were  apparentl.v  very  eoncentrated,  virtually  magnetite  masn:a,  ^ince 
they  intruded  and  brecciated  tlie  sheared  diorite  and  unaltcTel 
marbles  in  much  the  same  manner  as  rnck  niagmu  intrude^  and 
breceiates.  Very  large  deposits  of  magnetite  supposed  to  have  been 
formed  in  a  similar  manner,  that  is  by  the  intrusion  of  concentrated 
magnetite  solutions  f.r  nuxgnotite  inagu)a,  occur  in  Xorway,  the 
famous  deposits  at  Kiiruiiavaara.'  .Similar  contact  deposits  have 
been  recognized  by  several  observers,  and  in  recent  classifications  of 
ore  bodies  have  been  made  a  separate  type  of  contact  deposits,  the 
magnetite  type. 

General  status  and  future  possibilities.— The  deposits  on  the 
Gordon  river  and  Bugaboo  creek,  and  those  to  the  south  of  Saritu 
river,  are  the  oidy  ones  on  which  any  development  work  has  been 
done.  The  development  work  to  date  has  not  been  large,  so  that  it 
is  impossible  to  arrive  at  definite  conclusions  in  regard  to  the  ec- 
nomie  value  of  the  ore  bodies.  The  more  promising  of  the  indivi- 
dual deposits  liave  been  described  by  Lindeman,  so  that  the  descrip- 
tion need  not  be  repeated  here.  It  appears  that  the  deposits  are 
fairly  large,  but  that  a  high  percentage  of  sulphides  will  always  be 
present.  The  percentage  is  not  so  high,  according  to  Lindeman.  as 
to  render  the  ores  unfit  for  smelting.  Doubtless  other  similar  de- 
posits occur  in  the  area  underlain  ])y  the  Xitinat  formation  and  the 
intrusive  granitic  rocks.  The  greater  part  of  the  area  hns  not  been 
prospected  at  all  thoroughl.v.  In  prospecting,  the  bo.li.-s  of  pure 
marble  may  be  easily  recognized,  the  contacts  of  which  should  be 
prospected  thoroughly.  Little  attention  need  be  given  to  the  large 
rreas  underlain  by  the  am[)hibolite*  and  granitic  n^cks. 


SI  r.pin  a. 

The  large  deposits  of  massive  sulphides  in  gal)bro,  such  as  those 
whicli  occur  at  Sooke,  and  the  contact  deposits  which  are  rich  in 


iPer  Geijer.  Igneous  Rocks    and  Iron  Ores  of  Kiirunavaara.  Luossa- 
Taara,  and  Tuolluvaara.  Economic  Geology.  Vol.  V.  1910.  pp.  699-718 
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sulphide  niimrnls  t-iicciiillv  pyritc  iiiid  inrrliotite.  similar  tc  tliOK' 
cf  Mount  Miiliiliiit.  lire  l«>^^il>lp  sources  of  sulj.liur.  These  derosits 
consist  of  lllr^'e  irrefruliir  iiinss(s  t  f  pyrrhotite,  pyritc  tuul  niafrr.etite, 
with  siiinll  iunount<  of  eluilcoiivritc.  The  only  panpuc  minerals  nre 
the  primary  Bilicates,  which  the  sulphides  have  more  or  less  com- 
pletely replaceil.  and  a  little  Mcoiidary  (luartz.  These  deposits  have 
been  prospected  for  copper  iin<l  iron,  althouph  they  are  too  low  prade 
for  the  one  and  too  hij;h  in  sulphur  for  the  other.  They  have  been 
described  under  copper  deposits  in  some  detail  and  so  need  net  be 
redescrihed  here. 

Tliese  deposits  are  possible  but  not  probable  sources  of  sulphur, 
since  the  sulphur  content  is  low,  i\nil  siiu'e  the  deposits  are  relatively 
small,  and  the  contact  deposit-  irregular  in  form.  They  would  be 
useful  only  in  the  manufacture  of  sulphuric  acid,  and  if  sulphuric 
acid  were  manufactured  locally  on  a  large  scale,  it  is  doubtful  if 
tliese  deposits  could  compete  with  other  depo-its  that  are  richer  '.n 
copper  or  the  precious  metals. 


FIEI.s  :    lOAL  AND  OIL. 

Coal  at  present  is  the  chief  source  of  mineral  wealth  of  Vai.- 
couver  island.  The  coal  mined  is  a  high  grade  bivuminous  variety, 
and  is  obtained  near  the  base  of  the  Nanairno  formation  of  the 
Cowichan  group.  It  is  mined  in  large  amounts  along  the  ea>t  coast 
from  the  nortliern  part  of  the  Xanaimo  basin  and  from  the  Comox 
basin.  The>e  deposits  were  not  examined  during  the  present  investi- 
gation and  are  not  considered  further. 

Other  basins  of  sedimentary  rocks  of  the  Cowichan  group'  have 
been  eonsidere<l  as  possible  sources  of  coal,  because  of  the  frequent 
indications  of  coal  which  have  been  found,  and  on  account  of  tlu;i- 
proximity  and  litliological  similarity  to  the  coal-bearing  measures 
of  the  Nanaimo  and  Comox  basin-^.  A  large  part  of  the  r  eks  of  tlse 
Cowichan  group  belong  to  the  Xanaimo  formation,  but  an  exa.t 
c.  rrelation  of  the  coal  horizcn  in  the  various  basins  cannot  he  made 
at  present.  Although  the  rocks  are  will  exposed,  no  thick  or  exten- 
sive scams  fire  known  ;  but  small  lens-like  scams  are  expor-ed  in  the 
-cuthern  part  cf  the  Xanaimo  basin  and  eastern  part  of  the  (  ow;- 
cluui  ba>iii.  They  are  rarely  more  than  a  foot  thick,  although  bed-  .  f 
impure,  sandy  and  shaly  coal  occur  from  3  to  C  feet  thick.     Fo-d 


See  pages  134-125. 
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<•-!  plant,  un.l  ,hin  .onms  .,f  ,:,],  ,„..t..ri.,I.  mI,!,.,,.  „„.r..  ,1,.,.  on,- 
<i;<«rter  of  nn  inch  thick,  are  fou.ul  in  the  we.teru  part  of  ,h,. 
to«H.ha„  l,„..n  n...l  i„  the  .ni„or  hasi„,  ....pose.l  ia  the  upper 
(  l.e,n.u,a,s  „„a  K„k„,ih.h  valleys.  Thin  sean.  of  ..al  are  reported 
to  oeeiir  al,o  in  the  Alberni  basin. 

f,rn'?'  "'"I:-"  *"  ",'"'"""•  ""■■"■^  "'•'"•  *'"  ''"'«  "^  "-  ^"""»"'- 
forn..t,„n.     S.nee  ,t  ,s  known  that  tl,e  rooks  of  the  Nannin.o  fonun- 

tion   were  ,ie„os,te,l  „„   a   surface  of  considerable   relief.'   an.l   that 

-dm.entatM.u  probably  first  be^rnn  in  the  .lovvn-uarpe.i  area  off  the 

th,  ro.k.  of  the  ^«na„no  formation  wa.  above  the  depositional  level 
.i..ru,K  the  period  of  coal  formation.     The  Xanain.o  forn.at.on  and 

c<...tor.nably   overly.np  fom.ati.m.   are  very  th.-ek-(l.(HK)  t..   1, .» 

...  ;•  an.l  .nee  the  rock,  of  the  sonthern  part  of  the  Xa„„i,„o  ba-in 
nnd  of  the  (  ow.chan  ba.in  have  been  clo.ely  fol.le,l.  the  ..onl  horizon 
c^ourr.np  a.  mentione.l  near  the  base  of  the  Nanai.no  formation" 
in„.t  ocenr  chiefly  at  preat  depth..     The  folding  and   faulting  in- 

I'ndT  .  T'-'  "'  '^■•"^f^-'^"""'-'-  "'"•  -  the  southern  Xanain,o 
an,  CowH-l,an  has.ns  ,s  so  cxten-ive  a.,  to  preclude  n,ini„..  A.  far 
as  known  the  stru..tural  relations  of  the  Alberni  basin  are  not  nn- 
litvourable  to  prospQ.>tinp  and  miniiur. 

Consid,.ft,b!e  prospecting'  ha.   been   ,lone  nnd  some  attempts   „t 
-"nnjr  have   been   made.   e-p..ially   i„    the   eastern   portion   of   the 
«  ..W.Chan  bas.n.  as  yet  without  success.     The  prob„bilitv  of  finding 
coal   wh,ch   could  be  mined   profitably,   in   the   sontheru   Xnnaim 
Onnehan.  and  m.nor  basins,  with  the  exception  of  the  Alberni  basin! 

Tl.e  Car.nanah  and  .'^ooke  formations  of  the  west  coast  have 
also  been  cns.dcred  as  possible  .sources  of  coal  and  oil.  and  have 
b  e„   pros,_  cred  at  Sooke.  Muir  creek.  Coal  creek,   and  Carmanah. 

..n>d>tones  w,th  oeenMonal  oi.^ar-shaped  lense,  and  evlindrical 
nia,..  ot  I,.n„c.  The  ("nrmanah  and  Sooke  formation,  consist 
.ar^elv  „  coar^e  detrnus  which  was  deposited  off  a  mountainous 
■— r  nn.i,.,-  „„n-,nc  ,.,.ndifi„n..'  The  conditions  were,  therefore 
v.rv  nntav.,urable  for  the  for.nation  of  coal.  It  seems  as  if  the 
.■.r,.,na.-eo„s  n.atter  present  wa.  of  drift  origin,  that  is.  eo.nposed 

'  .'>('P  patter  133-],S.1. 
•  See  p.Tjres  ]28-]2t). 
'  .<te  pane   U«. 


^^E^^ii^^^^^B 
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of  l.^!.'-.  utiil  cither  V('R>4:ililt'  wu-tt',  wlii.'li  i»''i'iiiiin!uti"l  iiloiis?  tlio 
slmr.'*  of  tlin  Tirtinrv  ocimu  diirinir  the  depo-itinii  of  tin-  Ciiniiannli 
uinl  SiMiko  foriinitinii-.  N'i>  tlii'-k  -lialo  li.iri/nn  occiir-i,  rii'li  in 
orKiiiiii'  iiiMttcr  from  uhii'li  nil  ii;iirlit  liiivi'  Wccii  dcrivi'il.  ami  -iii<'.' 
till'  U'lU  art'  coni^o  srraiiu'.l  and  porou-i.  witlumf  iiiiiiiTvioiM  lavfr-". 
nud  arc  not  foldtxl,  tlio  -triictiiral  condition-  an-  unfiivonraldi'  f  r 
tlio  aivniiiulatioii  of  oil.  '\'\\v  n-'U-  of  the  f.irnuitioii-.  whioh  in  anv 
>inu!c  lia-iin  art-  prolialily  not  more  than  .".iM)  feet  thirl;.'  arc  well 
pxi)o-iod,  and  no  indications  of  coal  ami  oil  other  than  tlio-c  which 
have  1  0(11  de>cril«'il  arc  U.iown.  The  fornintion-  arc  aUo  l.rokcn  liv 
iiunieroiis  small  faiilt-s,  which,  altho\i»{h  of  ^mall  di-iihiccn.ciit.  would 
interfere  (.'rcat-.ly  with  minintr.  It  is.  therefore,  with  eonsiilerahl- 
ii-siiraiie.'  that  any  attempt  at  iniiiiiiir  or  even  pro-pci'tinff  for  c,i:i! 
and  oil  in  the  Carinanah  and  S'«(kp  formations  is  disi'ouraKcd. 


The  er; 
are  an:ipnsf 


i-stalli 
the  n 


I.IMK,   (KMKNT,   AM>    III   XK.S 


limestone-  of  tiic  Nitinat  and  Hutton  formation'! 


St  vainahle  of  the  mineral  re 


if 


itl 


aoutliern 


ancoii 


ver    island,    since    they    fnrni-h    excellent    material    for    t! 


ifaeture  of  lime  and   I'ortland  conient.  and  for  tlu.xii 


rarel.v  of  valt 


>ntherii 


aneonver  i 


-land 


Th: 
liMinR 


^rnaIncntaI   stone.     Tiic  larKe  depo-its  of  pyrrhotite  and   maiineti 


such   as  oc< 


•ur  at  Sooke,  and   of  magnetite. 


the 


magnetite  typj 
Ih 


contact  deposits,  are  also  avuilahle  as  .sources  of  iron  llux  in  copper 
t-meltiiig. 

Tlie  di-trihution  and  extent  of  the  linu'Wtoiies  has  already  i>i.'e!. 

p.     The  Suttipii  liii  c- 


jiiven.'  ai] 


d 


sh. 


:iccoinpaiiyiii({  ma 


stones  opcur  as  relatively  small  lentils  in  the  Vancouver  volcani'-. 
and  the  majority  arc  of  little  value  on  ai-couiit  of  their  small  si/r. 
inetamorphic  character,  or  niinieroiis  porpli.vrite  dykes,  but  the 
lentils  furnish  ahuiidant  material  for  the  e:*ta!)li-:.- 


larurer  and  purer 

nieiit  of  a  large  industry,  and  arc  at  present  the  ha  cs  of  a  ciuisidi  ;- 
ahle  industry  in  the  southeastern  jiortion  of  the  idand.  The  liiiic- 
■stonos  of  the  Nitinat  formation  are  largely  altereil  to  aniphibolito-. 
'but  relatively  large  masses  of  pure  niarhle  occur,  such  as  that  ex- 
posed on  the  west  shore  of  Nitinat  lake  near  the  southern  end. 

•Sep  pase  1M. 

'  .'See  panes  44  and  IJl. 


^E^vmr^TT. 


j^- 


V»  'kiiw^ 


m 


MRRinr'^zi  I'lkiMixir 


A- 

IIIUll,V«f»,'    tllf 

till'  iiuiinit'iU'iiirc  i.f'  1 

Mll'itill 
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iTi|iti(.ii-!  iini!  clif-i 


irir  liiM.-K.iir  -  „r.-  liir;;(  l,v  ,,t  (.x,-,.ll,nt  i.i.it.Mij!  I 


Mill-  iiikI  cfii  lilt,  mill  for  ihix  i 


K.  iM  II  when  ?t  i-^  j 


II    Irai 


I  mill 


I  r 
in  11 


t'lii-iiiri'  lit'  >! 


r<.por.iil  ti.  utili/c  the  -lii).'  for  tl 


illf   i-riiii'lit.      Tl 


I'ltiliir  iiiiitiriiil.  iiiiil 


iii'.v  arr   II- 
virtiiiill-  fric  f 


II   riili'  li 


'«■   in   iiiiijriii.-in   aiiil 


tho    i 


oriii    of 


pyrili     i-    ill   viirialil 


niii  plii..|ili(irii- 


■»iiipli;ir  111 


Viirli  til'-'.  11-  ii;jiv  1 


!■  M'lii  from  il,,.  ,111 


liiiiot 


iiiii-    of    tho    Siittoii    i 


iirniil  txtcii-ivi  Iv  f,,r  i!i 


e   ani.iiiil.   Imt    in   tlio   li--   alien  il 
iii.v-o.-.  i-  ii-iiallv  VI  ry  l,,\v, 
"Pm.ili..|i    Mro.    ii~    iiioiitione.l, 


li'Ttion    of    \' 


iiiaiiiifiictiir.-  of  liiii,.  ill  tl 


le  -oiitl 


iiiii-ouviT    i-laiiil. 


oiithca-lcrn 


Inirl.oiir.  l,y  tl.,-   Uo-rl.ank  J.ime  ('oni|,iiMv.  Tli 


ilii'a   lirirk  ami  Lini,.  (' 


mar    tho    u«-t    >lioro    of    !• 
nias  Atkiii>, 


M|niiiiai 
ami   till 


It   in    Maliihat   ili' 


inipaiiv.  ami  on  tlic  west  shore  of  Saanioh 


iii'i   hy  KUonl 


anj   ( 


-iiiiifa.-tiiieil   in  till-   II 


nipaiiy.      Lim,.   h,,,   j,, 


lifrtation  to  the  railway  ami  >alt 


iyhhiml  ilistriet   al-o.  but   tl 


!ie  eii-f  of  traiis- 


I'liil'ite  Mii-ee>-fullv 


water  was  too  larci-  for  the  phmt- 


with  those   more  favoiirahly   loeateil.      I.ii 


^t.  i.e   ha,   hoe:,   ipiarrh.!    in   tin    western   part    of   the   ilistriet 


•Al   eriii    i-.imil.    iit    S 


1, 


■li.      The  SiHi-a    I! 


niiliis    laiiiliiif.'.    hut 


aii.l    I. 


''■>■•  !''•"<■' I  li ami  s.imi-iiim-  l>rii-k. 


'.I  ileiti 


apparently    no     lime     was 
■nipany   also    maiiiifaotiirc  s 
t!io  s;im|  heinj;  whtaiie  .1   fniii  the 


Ilia-    (' 


Th 


Vaiioouv.r     Portlami    Cinient    Company,    whi.s,      ,,!.,„( 


ituateil  on  Ted  inlet,  in  South  S 


iiiiifai-tiirint'   rortlaml 


nanii-h  liistriet,  is  tl 


one  of  the  lentils  of  the  Sutton    f 
inixeil  with  the  limcsti 


inii'iit.'     The  liiiiost, 


:ie  only  loinpany 
ohtaiiieil    from 


iriuation,   ami   tl 


le    ehiv    whii 


lie   is  ohtaineil  f 


roiii  the  striititii  il 


'leposit.?  on   the  same   property.     The  eapaeity  of  the   p! 


■iiliortieial 


.•idO'VM)    harrels,    ii„,l    ,1 
^.ihioil   at   ai 


iirin-    1!"1!».    2;j>«.(¥t0    harrel- 


ihout  .*:;t;(i.(Hio.' 
At    [ir&M>nt    none    of    the    1 


plant  i-  ahi  lit 
Wore    proiiuoed. 


inii'stoues   ar 


■e   Us,.,]   as   a    tlux.     On 


"'•••onnt  of  their  eom,iarative  freeilom  from  pho-p!ion,s  :;,„]  suh.hnr. 
an-i  their  low  magnesia  .•oiitent.  they  are.  a-  .neiitiom-l.  of  'f:oo,l 
•Iinility  for  tlux  in  hoth  h-a.l  ami  iron  smeltin^r.  ami  eonl.l  he  nse.l 
.TO,,   when    it    is    i„t,.n,Iod   to   utili/.e   the   slajr   t^.   mannfa.-tnre  sla« 

'  See  paK*"  45  ami  fi2-R1. 


I 

tip 


IWI. 


>     VM 


'-z- -.f^xi  ''iil^ja:  ■  A...  ..A. 


IM 


(il  'il.ix.li   \1.    >l  IIV  KV,   I   \N  MU 


ct'iii   ijt.     Tilt'  lurKcr  li'titil-i  atf.irl  ;iii  iiliinnl.int   -upplv.  ..i  tiiiU  uiiv 
duiihitiil  for  liiiKwtDMi-  lliix  I'oiiM  111-  riMilily  ■'iipplicl. 

At   prc-t'tit   iKinc  of   the  (Inpnsiti   uvailulilf  ui  uii    ir>>i>   tl  ix   in 
I'nppi'r  iiiii'liiiiii  iir>'  iiiiiii''!.  I>iit  tlio  iim>*iv(»  typo  of  ijpp.mit  ocpurritii? 

lit       Sookc'      Inn      Imi'II       lllili/C'l      to      ■•olllC      CXtCllf.  If      tluTl'      is      1>VIT       I 

ili'in.u   1  for  a  tliix  •'(  tlii^  luiturt',  it  can  tn'  -iipplifd  from  thii  Soo!>i> 
iL'po-*it-i  and  the  inauiR'titc  ty])c  of  coMtiii't  di-po-iit-. 

IMl.MKNTS. 

In  tlio  Sookc  dlstrii't  then;  is  expo-icd  in  tin.'  lird  of  D.'iiianii'I 


rivor, 


half 


a  ni 


ill!  iinilh  of  Yoiiiiit  lake,  a  deposit  of  yellow  odi 


I'lay,  or  iin])iirt' 


liofT 


iron  ori". 


It 


1-  traicii 


l.lu  f^ 


UH    ail    I'XpO: 


xpo.-t'd  thi(.'kni'*s  of  I  fret.     Mr.  Dan.  Cairpiitll, 


>r  -oiiic  di-tame.  an 


liolii 


a»  lar  iioitli  as 


oiniq; 


a  claim  on  the  dcpo.sit,  states  that  it  cxtni 

'laUf,  and  that  he  ha's  horcd  through  it  for  a  depth  of  12  feet.     T! 


losit   I'oMsists   of   a    very    tine   i^rainc 


I   eh 


dep. 

fairly  uniforndy,  hoK  ir re  or  liinonile. 

Hinall  eonerettons.     .\ii 

the  iron  content  to  hi'  l.")-."i  per  cei 


itli   which   i-   mixed. 


inionite 


,U 


)  ociMirs  ir. 


dy-is  nf  a  s.imple  from  th'>  d^'po-it  showed 
the  surface  tlio  il.  po-ir 


contains   an^nlar   frafjrnients 


t.     X. 


the    .Metchosin    v.deanie. 


It    the-e 


have  douhtU'ss 


washed  in  hv  the  Dctn;inicd  river  iliirinir  tiin 


hiy;h  waUT.  anij  they  di 


Hot 


piitiniie  in  depth.     The  niateri 


ill  h 


hoen   ileposite<l    diirinj,'   hit,'    I'lei^occne   or   r 'lit    tiir.  s    in    !i    hoj 

whi<di  prohahU   reiirc-onird  t)i       nd  stnjjp  in  the  lilliiiiT  np  of  one  of 


tlie  transient 
»it  tlu*  clii 


-  whicli 
if  the  pcri'xl 


1  in  the  holl.iw 
cial  occup.itioii. 


it  the  dritt  iiian» 


Tl 


II.'    Ill;lteri 


d 


dd 


UlllV    !)>■    w 


a-lied   and   piirii,  'd.  and  the  product,  althomrh  valiielc 


ii~  an  ir '11  oi-i>  fin  a. 


■omit 


'f  it-1, 


•t"llf.  W.iU 


l|>aso  fc.r  c.ilotired  paints. 


dhei 


.ire    twi 


,{   .-hi 


inland,  the  shahs  of  thi'   Xanai 


d.  i''sit~    ill    -onthern    Vancouver 
format i.in.  and  tlie  clavs  of  th.' 


NW    PilKrti 


i7ti-: 


The  ilay    dcposi 


ts    and  "lav   inclii-*trv  will   b.-  tirtntod   ni.ir."    fullv 


a   rciK>rt  to 

rUi 


1,0  iiablislicil  shortly  by  the  Oeolonical  Survey  Branch  ,911  tl 


„f   WVstt'rn   Canada,    by   Hciiirich    b'ie-,.      Th"   •  h\y    mdn^^tiy    1-   full; 
ibi'd   bv    Herboit    Carraichaol,    the   Provincial    A8>;»yer.  and   analyse 


of  ten  Kla-iid  I  lays  and 
in  a  reimrt  on  tha  clay 


iiiiiilvsis  of  tl 


lav   -lull.' 


in    the    I?e|)<>rt 


,f  the  southern  coast  district  of  British  Columbia. 
f   th'"  Minister   of    Mines   of    British   Columbia   for    190'i. 


■:-i' V 


X'H  TIIKIIN    \  \\(  III  \ 


Hi    (-.rAND 


v.y) 


«>lHK»rli.iill    .lrpo,it-,       Tlic   KTIN 

foriiiiitioii  arc  -iiinlv  nii.l  t,r 


■r  piirt  III  tht! 


'■»  of  the  Nu 


nuitiio 


pi*rci'llt;im>  ( 


>i  li 


Tl 


tliili  la.Msr-i  iif  •.iiiic|i|< 


niiniii  .11,,  :iii.|  t'rii|Uftiily  contuiii  tt  hi(,'li 
loy  lire  .il-..  \,.iy  cMtiiiiuiily  iiitorl.eddml  with 


"hii'li  nviTu^ft;  l.-<  tliai 


llm  iii.rtlicni  l.usins,  in  tlic  virinit.v  „t'  N 
ar.'.  liDWov.T,  ii.'.ir  tlio  b:i-o  ■>(  tAu-  .|..p.,Mf,  an. I 


I  II  (oKt  iipiirt.     Iti 


iiiatiiio  and  ( 


>rii()X,  thi-r.' 


ati',1   witli   tl 


iii'irc  iir  ]i 


•lip  t.»  :■.  t..  .-.  f.ft  ill  tlii.kt 


!<•  o'al   •<i'ari  -,   nd.itiv,-ly   thin   beds  of  .la 


'I'l 


' ""'••*   *■"''•'••  l''-"-"i'-  "laMi  u-rouiid  and  pu«n  ,1.  a, 


ilili.)iiifli   ratliop  ■iaii.lv 


•frai't 


It  i-i  tint.  Il' 


I'l    1-  iii'ilt-rn  ■i-i ' 


iwcvi-r,  a<  It    1^ 


»1  IV.     Caniii.iliai'l' 
-i'lti  iiiiiii',  a>  foljir 


>f  tl 


ifl.-ii  Io.mIIn 
lal-   fr 


a  tir.'- 
K\t,.ti- 


Sll 


ii-a.  SiO  .  , 


Alimiiiirt.  Al  () 
Irmi 


dc.    K.'O 


I. 


iiiit',  <  'aO. 


^r:i),'ii('sia.  Myi). 
WatiT  an. I  1.,-.. 


niliility. 


.-.O.liH.r. 

i;t.: 


l'>  J 


These  slial.'s  have  I 


)f'i-n  mined  umIv  \>y  tl 


d 


they  nceiir  in  as-nclati.iii  with  t 


iniji.iiiii  -  v.'li.'rt 


!;e  (^la! 


Th, 


tl 
Conn 


[>rt^-,-nt    ,lar...   |,.-n    utilise!    I.v    th.,-    ]JriiiJ,   f 


entire  pro.iiict  has,  to 


'any,   wh,.-.-  plant    i-   1 


)luinbia    P,)tterv 


iM  111  \  ictoria  w,-t.  The  slial"  i- 
Mixe.j  with  the  elavs  of  the  .uiMTtieial  d.-p.^its  to  bring  up  tile  plas- 
ticity, an,!  1.  nuinufaetured  ehietly  inf.)  ^rxor  pipe. 

The  ela.Ns  of  the  snpertieial  ,lep,.Mti  .„.eiir  ehietly  in  the  .trati- 

"'"'  ^'''''^f '"'  ''■•'*■'  "^  laciHIrine  ,.r  e,tnarine  ,.ridn.    Thev  usuailv- 

o...-nr  nrar  tl.-  l,a>,.  „f  these  ,K-p.,sits  an.|  are  tonn.j  in  beds  „,,  to  M 
or  1.-,  teet  thiek.  Th,>  ,.h.y.  are  .•hi,.Hy  .andy,  bnt  ar..  fairlv  p]a>t,.- 
Fat  bine  clays  nl.o  mvnr,  e-peeiallv  nnd.-rlyint'  tlie  san.lv  ,dav.  an,l 
..tren  resting  directly  np.,n  !?la..iat,.d  r..<-k  snrfaees.  Dij.eminnte.l 
thrnn^'h  the  c-lays  are  ,da,-iat,..l  p.-bblc.  an.l  b„.,|,b.r-  of  crv -taUin.. 
r..ek.,  rnndy  more  than  i'  or  :)  feet  in  dian;eter.  Th.-  elav,  are  .11 
of  rather  low  fnsibility.  They  are  fairly  nnifonn  in  character 
tiinnnihout  the  >.,nthern  part  ..f  the  i-lan.l.  ami  ar,<  aN.,  ni  -forni  In 
eotnpo.ition,  a-^  may  be  ..en  fn.m  the  followinir  analv.es:— 


•  llerl«rt  Carmicha^I,  Kept,  of  Min,  Minw,  B.C.  for  IWW.  p.  1S8. 


.Ai 


2()0 


1,1  .Mix. II    M      s|   in  1  \  ,    1    W  >.|.\ 


•AllAiijJI  .'i||.'Klf; 


'■'""•'  inn 

j.in.i.   •  Vii|i.|i-n-| 


t)'M-+i''V  "■"I'ltV 


'i;  •"-i.^iv 


r»»»  -I  f  I  r^  •!  ?i      — 


■()'.)  •■'iU!'I         Z<^.nf.!-.f>- 


^  ^'£  r  :«  fi  -I 


»  >, 
11 


iT  •-  c  —  •■  ^  ?"      o 


C'  rue  'X  X  •!?  '/J      c 
I  US  ''^''iifS  ^      C  ?  tl  'r  ^  'j  'z     •■2 

I  S  'i  5C  —  *^  "S  «^         ^ 


1 

■? 

fS 

1 

>. 

:l 

C    j_  — 
?  =  7 

■/.  ■  £  - 

:  t 
'■      "C 

7    -  - 

s 

1 

c 

A. 
c 

e 
;  ^ 

■•3 


If 

.k- 

« « 

i  ? 


!      £■/.''  —  —  —  ■/.»' 


^  M  r*  -^  >C  -C  h-  ^ 


•■■■I   nil  ll\     \AM  ,,l  M  ij    |,»|  4M, 
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^i....^u,.   S,„„....    si,|„.,v    i.l,.,..,.   ,,„.,   s.,„„.,>..-.      A,    Si.lncv    i-1 

''"^"'^;" '"'•"■'■■■'"! l.i.u,  .„„ll, ,t,.r,.l„„.  ,h..«r,. 

'"■"■"■'   "  "-''   '■  '  "'•■  " '^-"■^'    •■<   th..   :  ri.k.   ultl,„n„h  ..   Vi- 


''■ri:l    llniili   lilr    i-    i,„,ii|,|,„i 


111    ;.ii   iniLnr  inml.ii.,.     Tin-  tlii.Mal  .L.v 


tm  (iir.-  ..I   l'.,riliiii.|  (■.-!, i,.i,t. 

»i\\ti  *\|.  •  l'.\\^  I  _ 

;'''."'  '•'-'•7  ■'•••■■''■''-■•'--■■-•-■ -'.I  fr.,,,,,lu.  rive.  L^ 

•  """'""^     "'    ""     -'  .n,ufn,.,Mr..    .,f    .„„|  -I.,,,    (.h,.),.      tI,.    l.r.v-t 
amn.nt  ,>  ,„at..n„l   i,  „l,„i„...,   fr.„.   rl„.  Colw-,,.,!  ,U.|„.     f,   ;,,,.., 

<l'Mri.-t.  ,.i;,l  ,  „  f|„.  ,,,.,  ,;„,,.  ,,,  s,.;,  .i.l,   i^l,,,. 


,.       ""■'-''^^'•I  -.'I  -li-iir,,!  ,.hani...r„t   tl„.  r,..  1.-  „,•  ...inh,., 

lu...       „,.;,   .Vr!,u,l,iinK  „unH,....     At..    .,•   ,1...  ,„.H,1...   ,  f  „„. 
Ni.i.mt    .n,un,,,„.  f,.r  ...,,,i,i,..   ,1k...  ..X,,,,.,.,,  ,,,,,,,,  ,,.,.t  ,,,,,^^  ,,^ 

,"■"'.'""    '77'" ""■••"   -"i-  'MT-r   ...  1...  f.iHv   W  fr,„r 

---l.lv.u.r,.    .„.,..,.   i,,„„,_,    ,.,:^^, ,^^,^ p.r..n,lv   1,.. 

''■■';''''-''7^''';"''""'"'''''--i-'i'i.='-.-..id..,ti,th..  ...... ^ 

l-k-lriil   ..ii,ra.-t.  r  1U..I   ,Ii,.mu,m1    .n..|v>i.'    .1.,.   „„..i:,,.      f   ,,  ,, 

,,  , ,  ,  •  .,    1  .      .  I    (lu.inx    ,.f   till-  iimriilc- 
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fairly  regularly  jointi-il  ami  coiiiparativoly  Iri'o  lr"m  -mall  fracture-;, 
uiiil  moderately  large  and  s<jund  bUn'l;-  could  probably  be  quarried. 

The  sand-.toiittt  of  tlie  Xaiiaimo  ba^iii  have  l).-eii  quarried  at 
Jack  point  near  Xanaiiuo,  near  the  I'^iiuimalt  and  Nanaiu:o  railway 
north  of  C'owichuii  station  in  Quamichan  district,  and  at  Maple  bay. 
and  also  on  Newcastle,  (iabrbda,  and  Saturna  i-lan.is,  and  •  i. 
Salt-prinji-  island  at  Vc^-uviu^  bay.  ."^omo  ■•t  the  sandstones  of  xl\<> 
111 're  foMed  i)nrtions  ^f  the  Xanaimo  ba-in  and  of  the  Cowicha:; 
iiasin  are  of  p)od  (jrade  hut  are  more  fractured.  Furthermore,  tlic 
steep  dip  of  tho  WhIs  makes  the  iiui-rryin^  nmre  ditiicult  and  cau-s 
LTcat  variati'in  in  the      .|iu-«ed  stone. 

The  sandstones  of  the  Carn:anah  and  Sooke  fonTiations  .ire  a- 
n  rule  of  coarse  and  varying  prain.  very  coniiUMnly  concretionary, 
and  rather  greatly  fractured,  and  are,  therefore,  un-uitable  f.ir 
building  stone. 

Tho  volcanic  rocks  are  too  greatly  frai'turel  and  too  dark 
eoloureil  to  make  desirable  building  stone,  bul  the  le-s  altered  and 
more  l)n~ie  varieties,  especially  the  iletchosin  volca:iie,s.  furni-ii 
exi'cllent  and  plentiful  material  fvr  crusheil  st'ine  for  r.)ad  metal 
and  concrete  and  for  similar  uses.  The  Met<-ho-in  volcanic-:  ar^' 
(juarried  at  Albert  head  in  Ksquinialt  district  by  the  Briti-^h  Colum- 
Imu  Trap  Roek  Company.  rru-he<l  stone  is  obtained  al-o  near 
Vi.'foria  and  within  the  city  liirits.  the  tine  grained  phases  of  the 
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TW)    IVrth  >li.ef.   by    IJ.    W.    lai-       I'.WO.     MapN,,    Th-J    Mab-  4  in         I  In 

400  ft.        I-„i"'  ''  ""     "   '  '"   ■    ''•''"     "^^    '*-'^'    '^-   «^1" 
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II.'.'i.   Iledley    MiniiiR   •'i-lrici:    StriK'tiire    Se.tir.iis.       Scale    1.000   ft.  -   lin. 
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